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ABSTRACT 
Since plants lack an active immune system, defence proteins play a crucial role in 
plant survival. In this study, two kinds of defence proteins of plant origins and one 
kind of defence protein of fungal origin were studied, namely 
lectin/hemagglutinin, ,glycine-rich antifungal peptide and hemolysin. The isolation 
and purification procedures of these proteins involve the use of 
cation/anion-exchange chromatography, affinity chromatography and gel filtration. 
Two dimeric hemagglutinins, both with a molecular size of 60 kDa, were isolated 
from the seeds of two cultivars of Phaselous vulgaris, the French bean and mottled 
kidney bean. Their hemagglutinating activity could not be inhibited by simple 
sugars including mono- and disaccharides. Despite differences in N-terminal 
sequence, both hemagglutinins were found to be physically stable. In addition, both 
strongly inhibited the activity of HIV-1 reverse transcriptase and exhibited 
mitogenic activity on murine splenocytes. The hemagglutinin from mottled kidney 
bean was more potent towards various cancer cells, however they were relatively 
non-toxic to normal liver cells. 
On the other hand, a hemolysin was purified from the fruit body of the mushroom 
Flammulina velutipes. The hemolysin, designated as flammulolysin, was a 30 kDa 
protein capable of forming pores on cells at a diameter around 9.2 nm. The 
formation of pores could be inhibited by N-galacturonic acid and salts including 
CUSO4，CuCb, NazCOs, ZnS04，NazSsO〕，NasPC^，NaHCOj, in ascending strength. 
It was found to be heat- and pH-liable. The hemolysin exerted a strong 
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anti-proliferative activity toward liver cancer cells but not normal liver cells, in the 
presence of PEG 10000. It also possessed antibacterial activity towards 
staphylococcus aureus. However, flammulolysin was devoid of antifungal and 
HIV-1 reverse transcriptase inhibitory activities. 
Finally, an antifungal glycine-rich peptide was purified from the seeds of buckwheat, 
Fagopyrum esculentum. The peptide was 3.9 kDa in size, stable in the pH range of 
1-13 and up to 80°C. Similar to the proteins isolated above, it was potent on various 
cancer cells but relatively less toxic to normal liver cells. The peptide was capable 
of inhibiting activity of HIV-1 reverse transcriptase but devoid of mitogenic activity 
towards murine spleen cells and unable to stimulate nitric oxide production in 
macrophages. 
The aforementioned proteins demonstrated some similarities. All inhibited 
proliferation of tumor cells but varied in other activities. In addition, except 
flammlolysin, the hemagglutinins and antifungal peptides were fairly stable and 
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In this study, three categories of defence proteins would be investigated. Their 
physical and biological activities would be assayed, with the hope to find promising 
candidates for therapeutic purposes, for example AIDS and cancers. Among them, 
the lectin/hemagglutinin can be classified as a probe, used to bind specific surface 
carbohydrates on a particular type of cells, for which they are named. On the other 
hand, the hemolysin and antifungal proteins can be considered as 'killers'. 
Therefore, the efficacy of the killer(s) will be crucial to the success of the treatment, 
and they would be tested in this study. 
It is hypothesized that if the killer could be engineered to couple with the probe, no 
matter pre-coupled or in-situ cooperation, the probe-and-kill mechanism will 
dramatically reduce the side effects and boost the efficiency of treatment. The 
endeavor can be as promising as the genetic treatment which is under intensive 
researches nowadays. 
The work is immense, which requires global cooperation through a timeline of 
decades. The actual coupling or clinical trials, therefore, are too far beyond the 
capacity of this study. Instead, this study is one of the small jigsaws of a large 
picture, screening for potential probes and killers. 
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Chapter 1 Introduction to Lectins 
1.1 General Introduction 
1.1.1 Definition of Lectin 
The term 'Lectin' originates from a Latin word 'Legere\ which means ‘to select'. It 
is believed that the earliest hemagglutinin was discovered by Peter Hermann 
Stillmark in Russia in 1888. They are defined as carbohydrate binding proteins 
possessing at least one non-catalytic domain, which binds to specific mono-, di- and 
oligosaccharides. The binding is rather specific and reversible (Peunmans, 1995). 
1.1.2 Structure of Lectins 
Lectins represent a large group of carbohydrate-binding proteins; they exhibit 
different structure homologies, according to their own evolution stories. The 
carbohydrate binding domain is the only area that shows a certain amount of 
homology in terms of amino acid sequence. Advances in biochemistry and 
molecular biology allow us to establish structural and evolutionarily relationships 
between different plant lectins. Increasing evidences suggest that various lectins 
could be classified into four types of evolutionary related proteins. They are the 
legume lectins, chitin-binding lectins, type II ribosome inactivating proteins (RIPs) 
and the monocot mannose-binding lectins. The finding not only reduces the 
complexity of the different types of plant lectins but also concludes that the huge 
array of carbohydrate-binding proteins is actually derived from a small number of 
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ancestral genes (Damme et al., 1998). 
Lectins are structurally quarternary proteins. They are usually composed of two to 
four subunit polypeptide chains, with each chain a binding domain. The subunit 
chains are held together through disulfide bonds or non-covalent bonds, e.g. 
hydrogen bonds. Researches suggest that in some cases carbohydrate binding 
requires divalent metal ions, for example calcium, magnesium (Borrebaeck et a l , 
1981)，thiol groups (Hughes et al., 2003)，or non-reducing glycosyl groups in 
polysaccharide and glycoprotein binding. 
1.1.3 Classification of Lectins 
Lectins have been isolated from various sources including animals (Singh et al., 
2006; Wong and Ng, 2006), plants (Singh et al., 2006; Wong and Ng, 2006), fungi 
(She et al., 1998; Han et al., 2005; Yang et a l , 2005), and viruses (Barrientos and 
Gronenborn, 2005). 
The lectins can be classified into legume lectins, cereal lectins, C-type lectins, 
galectins (S-type), P-type lectins, N-type lectins and pentraxins (Caron and Seve, 
2000), with the first two being plant lectins and the remaining animal lectins. 
Special attention would be paid to legume lectins in this project. 
Legume lectins are usually abundant in seeds, making up to 10% of the soluble 
protein, even they have been isolated in other vegetative tissues. In terms of 
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carbohydrate specificity, they are mainly mannose/glucose-binding (e.g. Canavalin 
ensiformis and Pisum sativum lectins) and galactose/N-acetylgalactose-binding 
(Archis hypogaea and Sophora japonica lectins). Structurally, they are often 
subdivided into one-chain and two-chain lectin. The former builds up of either two 
or four subunits whilst the latter composes of two or four heavy subunits with equal 
number of light units (Van Damme et al , 1998). 
The application of a particular lectin is usually determined by its 
carbohydrate-binding activities. As a result, a more important classification system 
is used to include this crucial piece of information. Generally, in terms of sugar 
specificity, lectins can be classified into seven subgroups (Van Damme et al., 1998). 
The subgrouping is summarized in Table 1.1. 
The carbohydrate-binding specificity focuses only on monosaccharides. There are 
some lectins that can only bind to complex glycans, or contain more than one site 
and bind several structurally unrelated sugars. They are classified as 'complex but 
known' and 'dual specificity' respectively. For those lectins whose specificity are 
unknown, they are referred to as 'undetermined' (Table 1.1). 
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Table 1.1 Specificity of Plant Lectins (Van Damme et. al., 1998) 
Specificity Index 
Mannose binding Ma 
Mannose / maltose binding Mm 
Mannose / glucose binding Mg 
GlcNac / (GlcNac)n binding Ch 
Gal / GalNac binding Ga 
Fucose binding Fu 
Sialic acid binding Si 
Lectins with complex but known specificity ^ Co 
Lectins with complex and unknown specificity ^ Cu 
Lectins with dual specificity b Du 
Lectins with undetermined specificity ^ Nd 
a If the lectins could not be inhibited by any mono-, disaccharides but only by 
more complex glycans, they are classified as either 'co' or ‘cu，. On top of that, 
if the structure of the complex hapten has been elucidated and known, the 
lectins are classified as 'co', and vice versa ‘cu’. 
b If the lectins possess binding sites for two or more structurally unrelated 
saccharides, they are categorized to subgroup ‘du，. 
c If the lectins have not been studied, they belong to subgroup 'nd' 
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1,3 Physiological Functions of Animal Lectins 
1.2.1 Storage 
In the early stage of lectin research, focuses are mainly paid on the seeds of legumes, 
due to technological limitations. Therefore, there are a lot of studies suggesting that 
lectins are used as a storage protein in plants. However, other than seeds of legumes, 
lectins are stored in various tissues for example, a galactose and mannose-specific 
lectin from the bark of black mulberry tree {Moms nigra) (Van Damme et al., 2002); 
a mannose-binding lectin from tubers of taro {Colocasia, Cyrtosperma and 
Xanthosoma spp.) (Shewry, 2003) and yam tuber {Dioscorea batatas) 
(Gaidamashvili, 2004), mannose/glucose-binding lectins from rhizomes of the true 
fern Phlebodium aureum (Tateno，2003); and a mannose-specific lectin of bulbs 
from Sternbergia lutea (Saito et al.，1997) have been reported. 
1.2.2 Cell Growth 
The mitogenic effect of lectins from plant, similar to that in animal spleenocytes, is 
used to promote cell division (Howard, 1977). Another research hypothesizes that 
the lectin could somehow glue the cells together to enable extension growth (Kauss 
and Glaser, 1974). Other research study also suggests that appearance of lectins is 
critical to hormone balance, and therefore the growth of wheat seedlings 
(Bezrukova et al., 2000; Shakirova et al., 2000) 
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1.2.3 Defense 
It is believed that lectin is an important kind of natural defensin. One example is 
castor bean that contains ricin, one of the most toxic lectins and even proteins in the 
world. The lectin is capable of binding lactose and destroying the gastrointestinal 
epithelia, as well as causing damages to vital organs including the kidney, liver and 
heart (Altug, 2003). Ricin kills by inhibiting protein synthesis, thereby inducing cell 
death. The lectin is composed of two 30-kDa chains. The ricin A-chain is capable of 
removing a base from the 28s ribosomal RNA, whilst ricin B-chain binds galactosyl 
residues and assists the A-chain to enter a cell by binding to cell surface 
components (Franz, 1986 and Kozlov, 2006). Many plants, for example barley, 
contain the A-chain, however without the presence of B-chain, the toxicity is greatly 
reduced. 
Lectins are also found to be determinant players in early recognition in invading 
pathogens, for example, C-type lectins (C-TLs) in the immune system recognize 
exotic mannose antigens in Mycobacterium tuberculosis and trigger defense 
responses (Ragas et al.，2007). It was also found that acute immune defense genes, 
including lectins, were expressed upon Staphylococcus aureus and Vibrio 
parahaemolyticus infections in some invertebrates (Huang, 2007). These suggest 
that lectins have played an important role in eukaryotic defense. Apart from 
pathogen defence, some lectins, for example, the lectin from black beans, are used 
in defence against insect larvae (Janzen et al., 1976). 
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1.2.4 Nitrogen Cycle 
Legumes are important vegetations that live in nutrient deficient soil. The plants 
obtain their nitrogen sources through nitrogen fixation. The reaction is not carried 
out by the plants themselves but by symbiotic micro-organisms. The 
micro-organism, mostly Rhizobium, grows in the relatively anaerobic root nodules 
of legumes. The reaction involves utilizing the relatively inert nitrogen gas in the 
atmosphere to usable nitrogen ions, for example ammonia and nitrate. The fixation 
is, therefore, a very important process in the nitrogen cycle. 
The infection of nitrogen-fixing bacteria and the host legume is considered very 
specific, meaning that each species of legume has its own bacteria. Although 
lacking concrete evidence, it is suggested that lectins serve as an important 
recognition factor between symbiotic nitrogen fixing bacteria and host plants, as a 
deterrent to phytopathogens like fungi, insects, and animals (Sengupta, 1997). 
Experiments suggest that exopolysaccharides are very important for nodule 
development and formation (Van Rhijn et al., 2001). In addition, laboratory 
mutation to reduce exopolysaccharide production in bacteria delayed nodule 
formation in soybean legume (Karr, 2000). Furthermore, the co-addition of specific 
lectin in the legumes upon bacterial inoculation increased nodule weight, dry mass 
and nitrogen content (Mestrallet, 1999). These all, suggest that lectin played an 
important and essential role in nitrogen fixation in legumes, although the exact 
mechanism is still unknown and under extensive researches. 
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1,3 Physiological Functions of Animal Lectins 
Animal lectins have several functions totally different from those of plant lectins. 
However, agglutination of blood cells is not a natural physiological process in our 
body. Primarily, lectins and their specific oligosaccharides are crucial to cell-cell 
interaction as well as cell adhesion. And they also play an important regulatory role 
inside animal's bodies. 
1.3.1 Destruction of 'old' cells 
The erythrocyte possesses several membrane glycoproteins protected by sialic acid 
at the end of its oligosaccharide chain. On the other hand, the surface of hepatocytes 
has specific lectin to bind to the galactose residue of the unprotected 
oligosaccharide. By signalling that the cell is 'old', the sialic acid protection is 
removed. It would thereby trigger endocytosis and destruction of the cell. 
1.3.2 Regulation of hormone level 
Some protein hormones, like luteinizing hormone and thyrotropin, possess 
oligosaccharide moieties that influence their life time in the blood circulation. Their 
moieties end with the structure GalNAc, which could be easily recognized by the 
lectin of hepatocytes in the liver. Once receipted, the interaction triggers uptake 
followed by degradation of the hormone (Nelson et al., 2000). 
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1.3.3 Facilitation of lymphocyte movements 
Lectins are also involved in defence in animals. Several of them, the selectins, are 
probably responsible for drawing the lymphocytes towards infected sites for 
immune strike. The P-type selectin, together with the integrin (not lectins), bind 
alternatively to glycoprotein ligands on lymphocytes and roll them along the 
capillary wall. 
Once near to the site of inflammation, the selectin concentration is reduced. The 
strong interaction between integrin and lymphocytes stops the rolling and tightly 
holds the cell. The fighter cells thereby escape from the capillary wall and enter into 
the site of inflammation (Nelson et al.，2000). The selectin is successfully isolated 
using affinity chromatography and it molecular size is determined to be 90-kDa 
(Sharon and Lis, 1993) 
1.3.4 Facilitation of micro-organism binding and phagocytosis 
Apart from lymphocyte movement, the mannose and N-acetylglucosamine specific 
lectin on macrophages could recognise and bind to micro-organisms surface 
complementary carbohydrates, and thereby triggers phagocytosis. In human beings, 
monocyte-derived macrophages recognize and attack Pseudomonas aeruginosa 
(Speert et al., 1988). Other examples involve the phagocytosis of Aspergillus 
fumigatus by murine macrophages (Kan and Bennett, 1988) and Klebsiella 
pneumoniae by guinea pig macrophages (Athamna et al., 1991). In addition, various 
studies suggest that other macrophage membrane lectins may also take part in 
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lectinophagocytosis, via other specificity. (Blackwell et al., 1985; Sharon and Lis 
1989). 
1.3.5 Differentiation and organ formation 
It is also believed that lectins are playing an important role in regulating of the 
differentiation and organs formation (Sharon, 1983). It is even suggested that it is 
the major function of p-galactoside specific lectins. For example, a (3-galactoside 
specific lectin occurred in the epithelium of mouse thymus is found responsible for 
confining immature thymoctyes to the thymic cortex. The lectin binds to the their 
cell surface galastose residues while immature (Levi and Teichberg, 1984). Upon 
maturation, the galastose residues are covered by the attachment of sialic acid. The 
thymoctyes, losing its lectin binding activity, are able to migrate to thymic medulla 
and enter the circulatory system (Sharon and Lis, 1989). 
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1,3 Physiological Functions of Animal Lectins 
1.4.1 Anti-proliferative activity of lectins towards tumor cells 
Cancer is one of the major causes of death in the world. According to World Health 
Organization, various cancers caused over 7.6 million deaths in 2005, representing a 
daunting 13% of total in the world. It is disturbing that the trend is projecting right 
upward. The Organization estimated that there will be more than 9 million patients 
dying of cancer in 2015. 
To make matter worse, traditional treatments of cancers are well-known to be 
ineffective and brought enormous pain to patients. The treatments include 
radiotherapy, chemotherapy, and surgery. For example, chemotherapy works by 
interfering with the growth of cancer cells and increasing cancer cell death. Some 
common chemotherapeutic regimens include 5-Fluorouracil and Tomudex. The side 
effects include diarrhoea, vomiting, hair loss and susceptibility to infections (Cancer 
Research UK). It is because many healthy cells are unavoidably killed in the 
attempt to kill the cancerous ones. 
Therefore, the research world is eager to develop innovative methods to cure 
cancers. Increasing interest has been paid to bioactive proteins (de Mejia, 2003) and 
the interaction of different plant lectins with cancer had been long studied (Nachbar 
et al., 1976; Beuth et al., 1992; Andrade et al., 2004; Choi et a l , 2004). They have 
also been reported for theirs anticancer activities in vivo or even in human case 
studies. 
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It is hypothesized that the lectins preferentially bind to cancer cell membranes or 
receptors, thereby causing cytotoxicity, apoptosis and inhibition of tumor growth 
(De Mejia and Prisecaru, 2005). A lectin isolated from Korean mistletoe induced 
apoptosis through telomerase inhibition via mitochondrial controlled pathway 
independently of p53 (Lyu et al., 2002). 
In the present study, the anti-proliferative activity of the isolated hemagglutinins on 
various cancer cells was tested, including liver, breast and leukaemia cancer cells. 
1.4.2 Mitogenic Activity of Lectins 
Mitogenic activity is generally defined as activity that cause mitosis (nuclear 
division). It is a very carefully monitored process controlled by a number of protein 
kinases and transcription factors. The process is divided into four well-defined 
stages. The G1 phase is the major part; it is the resting gap in between DNA 
synthesis. The S phase is the synthesis phase responsible for DNA synthesis. The 
G2 phase is another gap while the cell is in tetrapldid stage. Finally, the cell enters 
mitosis, the M phase, and separation of chromosomes occurs. 
It is hypothesized that extra-cellular growth factors, e.g. lectins mitogens, induce 
transcription factors. In between the G1 and S phase, mitogen-activated protein 
kinase (MAPK) triggers the phosphorylation of Jim and Fos in the nucleus, 
followed by the transcription of E2F. E2F promotes production of several important 
enzymes essential for DNA synthesis, and finally nuclear division in mitosis. The 
cellular uptake of radioactive [^H-methyl] -thymidine from the medium, therefore, 
can be used as an indicator for mitogenic response in the murine spleenocytes. 
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Hemagglutinin was also first found to have mitogenic activity in 1963 (Barkhan and 
Ballas, 1963). However, it was also shown that some lectins possessed 
anti-mitogenic activities by binding to some T-cell receptors (Greene, 1982). It was 
also reported that wheat germ hemagglutinin had both mitogenic and anti-mitogenic 
activities at different concentrations (Kilpatrick, 1987). One of the earliest isolated 
lectin from jack bean, the Concanavalin A (ConA), found to have strong mitogenic 
activity, was commonly used as a positive control for mitogenic assay and it was 
used in this investigation. 
1,4.3 Antiviral Activity 
Lectins have long been recognized for their role in defence against other organisms 
or pathogens. They are capable of binding viral envelop glycoprotein and thereby 
jeopardize the adhesion and penetration to the host cells (Hansen et al., 1991). 
There is also research suggesting that some mannose-binding lectins could inhibit 
the infection of influenza A virus (Kase et al., 1999). One of the areas scientists are 
paying special attention is the human innumodeficiency virus (HIV). Researches 
suggest that lectins possess antiviral activity against HIV-1. they inhibit the entry of 
HIV-1 into its target cells and prevent transmission of HIV to T-lymphocytes 
(Balzarini, 2007; McFadden, 2007; Molchanova et al., 2007). In addition, a 
mannose- specific lectin isolated from cyanobacterium potently inhibits HIV 
replication in MT-4 cells at an extreme low concentration (EC50 at 44.5 nM) (Sato et 
al., 2007). It is at the same time suggested that lectin is one of the candidates for 
HIV diagnosis or hopefully treatment. 
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However, the detailed mechanism of lectins towards HIV is unknown. Recently 
studies focus only on the effectiveness of isolated lectins against infection to 
common cell lines like MT-4 or CD4+. It is not even mentioning the cellular 
response of lectins towards HIV. It is, therefore, an urge to screen for any other 
potential effects. Our group has been working relentlessly on the effect of lectins 
and hemaglutinins towards HIV-1 reverse transcriptase. It is found that some lectins 
of plant origin show the inhibitory activity (Wang et al., 2003; Wong et al., 2006). 
Reverse transcriptase is essential to HIV infection by reversely transcribing the viral 
RNA to DNA，which is thereby incorporate into host cell DNA. The HIV integrase, 
is then responsible for the integration of viral DNA to host cell DNA. It is so 
effective in fighting HIV infection that one of its inhibitors is currently being 
developed by Merck as a drug against HIV infection (Ramirez et al., 2005 and 
Savarino, 2006). The two enzymes are critical in the viral epidermis and they may 
offer another angle to evaluate the reasons why some lectins are so effective against 
the virus. 
1.4.4 Nitric Oxide Induction 
Nitric oxide is one of the major air pollutants in the atmosphere. Inside our body, 
however, nitric oxide plays an important role as a signalling molecule. It relieves 
the cardiovascular muscle and protects the body from pathogenic infection. On top 
of these, nitric oxide is responsible for penile erection (Cartledge, 2001) and this 
finding leads to the introduction of one of the most popular drugs, Viagra, for the 
treatment of impotence. 
Nitric oxide is normally synthesized in the body using anion acid arginine. It is 
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found that many tissues, including neurons, macrophages, smooth muscle and 
endothelial cells, are capable of producing nitric oxide in the presence of nitric 
oxide synthase. The guanidino group of arginine is oxidized in an 
NADPH-dependent reaction. The relatively unstable nitric oxide cannot be stored 
and released to target cells nearby (Nelson et al., 2000). 
1.5 Clinical and Research Applications of Lectins 
Apart from defense, lectin from Dolichos bifloruscan can be used in 
immunochemical studies on blood groups (Kisailus and Kabat, 1978). It works by 
recognizing the specific glycoprotein. Numerous lectins have been commercially 
isolated, with better stability in standard buffer and a wide range of molecular 
weights. Lectins can also be used as a biosensor for microorganism detection, once 
only antibodies were used (Masarova et al,. 2004). 
Recently, lectins are used to explore the repertoire of carbohydrate structures in 
animal cells due to their high infinity towards carbohydrates (Shanmugham, et al., 
2006). The discovery leads to the rise of modern glycobiology. Clinically lectins, 
incorporated with the application of mass spectrometry, are able to detect prostate 
cancer and hepatocellular carcinoma from patients' serum samples (Darke, et al, 
2006). 
In addition, a new fast scanning technology named lectin array, is already used 
widely in analysis of glycan composition. Similar to DNA array counterpart, the 
glycol-molecules of a sample stick to the chip. Labeled probes are then added and 
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the chip is scanned for presence of specific signals. Commercially, NutriCognia has 
developed a biochip for the fingerprinting of glycan-composition in food. The 
growth of lectin-science, with the advancement of technology, should be extreme 
promising in the future. 
1.6 Legume Lectins 
Leguminous plants have tremendous economic importance. Their products 
including phytoestrogens (Reinwald and Weaver, 2006) and protease inhibitors 
(Haq and Khan, 2003) may have some bearing on human health. Other products 
include antifungal proteins that may have value in protecting crops from fungal 
destruction (Ye et al., 2000; Ngai and Ng, 2005; Wong and Ng, 2005), a-amylase 
inhibitors that may have anti-insect activity (Prescott et al., 2005), 
lectins/hemagglutinins that may have mitogenic and antiproliferative activities 
(Leavitt et al., 1977; Wimer, 1990; Vargas-Albores et al., 1987, 1993; Kamemura et 
al., 1993; Ye et al., 2001; Reynoso-Camacho et al., 1993; Wong and Ng, 2003， 
2005a, 2005b), and ribosome inactivating proteins with translation-inhibitory 
activity (Lam et al., 1998). Thus there is a voluminous amount of literature on 
leguminous products, especially proteins. 
Phaseolus vulgaris is a leguminous species with different cultivars; each of which 
exhibit different morphological appearance. The objective of this study was to 
isolate the hemagglutinin from the French bean and kidney bean cultivars of P. 
vulgaris, and to compare their characteristics and activities, and with its 
counterparts from other cultivars. 
17 
In the characterization process, special attention was paid to the anti-viral activity, 
especially the anti-HIV activity. A number of lectins were found to reduce the virus 
infection (De Clercq, 2000). In this experiment, the activity of HIV-1 reverse 
transcriptase is tested against the purified hemagglutinin. Moreover, 
anti-proliferative activities on various cancerous cells are measured, aiming to 
screen for a specific drug. The IC50 values are compared with that towards normal 
liver cells to ensure that damages to normal tissues are minimized. 
In addition a defensin-like antifungal peptide was isolated for the first time from the 
French bean. On the contrary, no antifungal property was found in any fraction from 
the kidney bean. Antifungal proteins have been isolated from diverse organisms 
including leguminous plants (Ng et al , 2002). However, to date none has been 
reported from the French bean. 
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1.7 Isolation and Purification of Lectins 
Lectins and hemagglutinins can be purified from plant extracts or other sources 
using 'conventional' chromatography methods. The ion exchange chromatography 
matrix loaded into the column adsorbs the protein, according to their net charge. 
The charge is dependent on the composition of the mobile phase, e.g. the buffer. 
The interaction involves competition for the stationary charged groups in the protein 
solution of opposite charges. Therefore, by adjusting the pH and the salt 
concentration in the buffer, various proteins could be recovered. 
Ion exchange chromatography can be further classified into cation exchange and 
anion exchange types. The former retains positively charged compounds in the 
solution by its negatively charged stationary functional groups; whilst the latter 
retains negatively charged compounds using its positively charged functional 
groups. Several ion exchange resins are commonly used in lectin purification, for 
example CM-Sepharose, SP-Sepharose, DEAE-cellulose, Q-Sepharose and so on. 
The former two are of the cation exchange type whilst the latter are anion exchange 
resins. 
Another useful technique in lectin purification is affinity chromatography. The 
technique is based primarily on the ability of the lectin to bind reversibly on 
carbohydrates (Kennedy et al., 1995). Therefore, affinity chromatography can be 
viewed as a specific entrapment for lectins. For example, concanavalin A (ConA) 
binds to Sephadex because it binds specifically to glucose and mannose; 
GlcNAc-binding lectin from legume binds to chitin affinity matrix; or galactose 
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binding lectin adsorbs to agarose and sepharose. Moreover, affinity matrix can be 
tailor-made for lectins of other specificity, by corporation of carbohydrates or 
glycoproteins into different supporting resins. 
The recovery of adsorbed lectins is similar to that of ion exchange chromatography. 
Common methods include elution with competing carbohydrates, and altering pH or 
ionic strength. In this experiment, IM sodium chloride in the same pH buffer would 
be used for elution of adsorbed lectins from the Affi-blue gel column. 
After the purification upon charges and specificity, lectins can also be separated 
according to its molecular size. The elution using gel filtration method yields 
protein inversely proportional to its native size, in a carefully controlled 
environment. It involves passing the protein through inert matrix of controlled 
porosity, large molecules flow directly out whilst smaller one is trapped inside and 
moves slowly. Therefore, the method is also called size exclusion or gel permeation 
chromatography. In this experiment, Superdex 200, with an optimized separation 
range from 10,000-60,000 kDa, was used in the isolation. 
In order to maximize purity, high resolution and automatic systems might be used, 
for example, the FPLC system. The system provides a relatively constant 
environment for the elution and real-time profile monitoring. The calibrated system 
could also be used to calculate native molecular size using the Superdex 200 gel 
filtration column. 
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1.8 Objectives of the Present Study 
The objective of the present study is to purify lectins from two cultivars of 
Phaselous vulgaris, the French bean and mottled kidney bean. 
After purification, the two lectins were characterized and compared in regards of 
different activities including temperature stability, pH stability, protease resistance, 
sugar specificity, HIV-1 reverse transcriptase inhibition, HIV-1 integrase inhibition, 
anti-proliferative activities toward tumor cells, mitogenic activity and nitric oxide 
induction. 
In addition, it was also hoped that the study would add knowledge to the library of 
lectin science and to facilitate further investigations. 
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Chapter 2 Materials and Methods 
2.1 Chemicals 
2.1.1 Culture Medium 
Dulbecco's modified Eagle's medium (catalog no.: 12800-017) was purchased from 
Gibco. The medium was first unpackaged and dissolved in deionized water. It was 
stirred for 1 hour until the powder was totally dissolved. Afterward, 3.7 g of sodium 
hydrogencarbonate (NaHCOs) was added and the pH was adjusted to 7.4. The 
volume of medium was made up to IL with deionized water and sterilized by 
membrane filtration. The filtration involved passing the medium through a steritop 
0.22um membrane (Millipore, catalog no.: SCGPT05RE). 
The sterilized medium was refrigerated at 4°C. Before use, the medium was mixed 
with 10% fetal bovine serum (FBS) (HyClone Laboratories Inc., Catalog no.: 
CH30160.03) and 1% Penicillin-streptomycin (Catalog no.: 15140-122). 
2.1.2 Preparation of scintillation fluid 
667 mL of toluene was mixed with 333 mL of triton-XlOO. Then 0.4 g of POPOP 
and 4 g of PPO were dissolved in the solution with stirring overnight. The fluid was 
stored in dark at room temperature. 
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2.1.3 Preparation of lysis buffer 
The lysis buffer was prepared by dissolving 8.29 g ammonium chloride (NH4C1), 
1.002 g NaHCOs and 29.2 mg EDTA in IL of deionized water. The pH of the 
solution was then adjusted to 7.2 and filtered using a 0.22-um filter. 
2.1.4 Preparation of Griess Reagent 
Griess reagent was prepared by dissolving 1% sulphanilamide, 0.1 % 
(1 -naphthyl)ethyl-enediamine dihydrochloride in 2.5% phosphoric acid (H3PO4). 
The reagent should be stored in the dark at 
2.1.5 Cell Lines 
The human liver cancer cell line (HepG2, ATCC no.: HB-8065), human liver 
normal cell line (WRL-68，ATCC no.: CL-48), human breast cancer cell line (MCF7, 
ATCC no.: HTB-22), and mouse lymphocytic leukaemia (L1210, ATCC no.: 
CCL-219) were purchased from American Type Culture Collection. 
2.1.6 Preparation of macrophages 
BALB/c mice were obtained from Laboratory Animal Services Center in CUHK 
weighing 20-25 g. 1 mL of 3% thioglycolate was injected to the inter-peritoneal 
region and the mouse was kept for another 3 days. Afterward, it was sacrificed in 
aseptic condition and the inter-peritoneal region was rinsed with sterile PBS to wash 
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out the macrophages. 
2.1.7 Preparation of splenocytes 
BALB/c mouse was obtained from Laboratory Animal Services Center in CUHK 
weighing 20-25 g. The mice were sacrificed aseptically and the spleens were taken 
out. The spleens were homogenized and washed with sterile PBS. Lysis buffer was 
added to destroy blood cells. After centrifugation, the buffer was removed and the 
cells were washed with sterile PBS. Finally, the cell number was counted using a 
haemocytometer. 
2.2 Assay of hemagglutinating activity 
In the assay for lectin (hemagglutinating) activity, a serial two-fold dilution of the 
hemagglutinin solution in microtiter U-plates (50 i^l) was mixed with 50 i^l of a 2% 
suspension of rabbit red blood cells in phosphate buffered saline (pH 7.4) at 25°C. 
The results were read after about 30 min when erythrocytes in the blank had fully 
sedimented and formed a dot at the bottom of the well (Figure 2.1). The 
hemagglutination titer, defined as the reciprocal of the highest dilution exhibiting 
hemagglutination, was taken as one hemagglutination unit. Specific activity is the 
number of hemagglutination units per mg protein (Wong and Ng, 2003). 
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Figure 2.1 Scheme of Hemagglutinin Activity Assay 
Serial two-fold dilution of hemagglutinin (50 pL) solution against 
50 i^ L PBS in microliter U-plate 
y r 
Addition of 2% rabbit erythrocytes (50 |jL) 
1 r 
Incubate at room temperature for 30 min 
�r 
Record result by counting number of walls 
2-fold 
888888f|ffff r W 
^ With hemagglutinin activity 
^ M i © 
i L 
Without hemagglutinin activity 
Control 
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2.3 Purification protocol 
Dried seeds of Phaseolus vulgaris cv. French bean no. 12 from Mainland China (25 
g) were soaked in distilled water overnight. The seed coat was removed prior to 
homogenization in distilled water. To the resulting supernatant, NH4OAC buffer (pH 
4.5) was added until a final concentration of 10 mM was attained. Cation exchange 
chromatography on a 2.5 x 16 cm column of SP-Sepharose (Amersham Biosciences) 
was carried out. The unadsorbed proteins was eluted using lOmM NH4OAC buffer 
(pH 4.5), while adsorbed proteins were eluted sequentially with 0.2 M NaCl and 1 
M NaCl in 10 mM NH4OAC buffer (pH 4.5) into fractions SP2 and SP3, 
respectively. The fractions SPl, SP2 and SP3were then tested for hemagglutinating 
activity using the method described. 
The fraction that possessed hemagglutinating activity was dialyzed extensively 
against distilled water for 8 hours with two changes of water. Tris-HCl buffer (pH 
7.4) was added till the final concentration of 10 mM Tris was reached. The solution 
was then applied on a 2.5 x 16 cm column of Affi-gel blue gel (Bio-Rad). After 
unadsorbed proteins (fraction BGl) had come off the column, adsorbed proteins 
(fraction BG2) were desorbed with 10 mM Tris-HCl buffer (pH 7.4) containing 1 M 
NaCl. Fraction BGl and BG2 were then tested for hemagglutinating activity using 
the method described. 
The fraction that possessed hemagglutinating activity was dialyzed twice 
extensively against distilled water for 8 hours before addition of IM NH4HCO3 
buffer (pH 9.4) to produce a final concentration of 10 mM NH4HCO3. The solution 
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was then loaded on a 2.5 x 16 cm column of Q-Sepharose (Amersham Biosciences). 
The unadsorbed proteins was collected and the column was eluted with 10 mM 
NH4HCO3 (pH 9.4) containing IM NaCl. Both fractions were then tested for 
hemagglutinating activity using the method described. 
The fraction that possessed hemagglutinating activity was dialyzed extensively 
against distilled water for 8 hours with two changes in water. The solution was then 
freeze-dried to reduce volume and redisslove in 10 mM NH4HCO3 buffer (pH 9.4) 
before chromatographed on a Superdex 200 column by FPLC on an AKTA Purifier 
(Amersham Biosciences). The single peak eluted represented purified French bean 
hemagglutinin. 
The trace amount of proteins unadsorbed on Q-Sepharose was freeze-dried and 
subjected to gel filtration on a Superdex Peptide column (Amersham Biosciences) 
in 10 mM NH4HCO3 buffer (pH 9.4). The single peak eluted represented French 
bean defensin-like antifungal peptide. The same protocol was applied to the 
purification of kidney bean hemagglutinin. However, no antifungal protein was 
found in any fraction. 
In kidney beans, the purification scheme was analogous to that of French bean. 
However, the protein was only purified using cation-exchange SP-Sepharose, 
Affi-gel blue gel and finally Superdex 200 column by FPLC. The step on 
Q-Sepharose was not adopted in the purification of kidney bean. The purification 
scheme of French bean and kidney bean hemagglutinins are summarized in Figures 
2.2 and 2.3 respectively. 
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2.4 Assay of saccharide inhibition of hemagglutinin-induced hemagglutination 
The tests to investigate inhibition of hemagglutinin-induced hemagglutination by 
various carbohydrates including glucose, mannose, rhamnose, xylose, galactose, 
fructose，arabinose, raffmose, sorbitol, sucrose, melibiose, fucose, galacturonic acid, 
glucosamine, mannitol, polygalacturonic acid and lactose were performed in a 
manner analogous to the hemagglutination test. The sugars were dissolved in PBS 
at pH 7.4. Serial two fold dilutions of sugar samples were prepared in phosphate 
buffered saline. All of the dilutions were mixed with an equal volume (25 i^l) of a 
solution of the hemagglutinin with 16 hemagglutination units. The mixture was 
allowed to stand for 30 min at room temperature, and then mixed with 50 [x\ of a 
2% rabbit erythrocyte suspension. The minimum concentration of the sugar in the 
final reaction mixture, which completely inhibited 16 hemagglutination units of the 
hemagglutinin preparation, was calculated (Wong and Ng, 2003). 
2.5 Assay of pH stability 
The hemagglutinin with 16 units was incubated with buffer at different pH values 
from 0-14 for 30 min. The solution was then neutralized to pH 7 and mixed with 50 
|Lil of a 2% rabbit erythrocyte suspension. 
2.6 Molecular mass determination and N-terminal sequence determination 
The purified hemagglutinin was subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) for molecular mass 
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determination in accordance with the procedure of Nielsen and Reynolds (1978). 
Gel filtration on an FPLC-Superdex 200 column, which had been calibrated with 
molecular mass markers (Amersham Biosciences), was conducted to determine the 
molecular mass. The N-terminal sequence of the hemagglutinin was determined 
by using a Hewlett-Packard HP G1000A Edman degradation unit and an HP 1000 
HPLC System. 
2.7 Assay of mitogenic activity 
The splenocytes were diluted with Dulbecco Modified Eagles' Medium (DMEM) 
medium containing 10% fetal bovine serum and then seeded (2 x 10^ cells/0.2 
ml/well) in 96-well microplates. The hemagglutinin was then added at various 
concentrations. Cells cultured in the absence of the hemagglutinin served as control. 
The cells were incubated at 37°C in a humidified atmosphere of 5% carbon dioxide 
for 24 hr. The cells were viable after 24 hr. During the last 6 hr, the cells in one well 
were pulsed with 0.5 [xCi of [^H-methyl]-thymidine (specific activity 5 |aCi/mmol, 
Amersham Biosciences) in 10 |j,l and incubated for another 6 hr. They were then 
harvested on to a glass fiber filter using a cell harvester. The radioactivity was 
determined using a Beckman scintillation counter. The proliferative (mitogenic) 
response was expressed as mean counts per min (c.p.m.). 
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2.8 Assay of antiproliferative activity 
The antiproliferative activity of the purified hemagglutinin was determined as 
follows. The cell lines L1210 (leukemia), MCF-7 (mammary tumor), HepG2 
(hepatoma) and WRL68 (embryonic liver) were employed. The various cell lines 
were maintained in DMEM supplemented with 10% fetal bovine serum (FBS) and 
100 mg/1 streptomycin and 100 lU/ml penicillin at 37°C in a humidified atmosphere 
of 5% CO2. Cells (1 X 104) in their exponential growth phase were seeded into each 
well of a 96-well culture plate (Nunc, Denmark) and incubated overnight before 
addition of the hemagglutinin. The hemagglutinin was filtered in a 0.22 |im 
millipore filter to remove all the bacteria. Incubation was carried out for another 48 
hr. 50 |iL of 5 g/mL filtered (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide (MTT)，(from Sigma) was added to each well and incubated for 4 hr. The 
medium was then removed and 100 |iL of DMSO was added into each well. The 
plate was then shaken for 10 min to dissolve the reduced purple MTT. Cell viability 
was measured by absorbance in 540 nm using a microplate reader. 
2.9 Assay for antifungal activity 
The assay of antifungal activity toward Mycosphaerella arachidicola was carried 
out in 100 mm x 15 mm petri plates containing 10 ml of potato dextrose agar. After 
the mycelial colony had developed, sterile blank paper discs (0.625 cm in diameter) 
were placed at a distance of 0.5 cm away from the rim of the mycelial colony. An 
aliquot (10 |iL) of hemagglutinin was added to the disc. The plates were incubated 
at 23°C for 72 h until mycelial growth had enveloped the disks containing the 
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control and had formed crescents of inhibition around disks containing samples 
with antifungal activity. 
2.10 Assay of HIV-1 reverse transcriptase inhibitory activity 
The assay was performed using the reverse transcriptase assay colorimetric kit 
(catalog no.: 1468129) purchased from Roche Diagnostics GmbH. All the reagents 
used were included in the kit. 20 i^L of hemagglutinin was mixed with 20 i^L of 
HIV-1 reverse transcriptase and 20 |iL of master mixture. The solution was 
incubated for 1 hr in 37°C. The solution was then transferred to a 
Streptavidin-coated MTP strip and incubated for another hour at 37°C. Afterward, 
the strip was rinsed with washing buffer 5 times and 200 |iL diluted anti-DIG 
antiserum were added. The strip was further incubated for 1 hr. The antibody was 
removed and the strip was subsequently rinsed with 200 |iL washing buffer. Finally, 
200 \iL APTS was added and the strip was covered with aluminium foil for 15 min. 
Absorbance at 490 nm (with reference at 405 nm) was measured and recorded. 
2.11 Assay of stability towards trypsin and chymotrypsin 
The assay was performed as follows: 25 i^L of trypsin (1 mg/mL) or chymotrypsin 
(1 mg/mL) was incubated with 25 \iL of purified hemagglutinin (8 units) for 15, 30， 
60 and 120 min at pH 7.0 and 37�C. The assay of hemagglutinating activity was 
performed in a manner analogous to the hemagglutination test to determine the 
activity retained. 
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2.12 Assay of nitric oxide production 
The macrophages were seeded in a 96-well culture plate at a concentration of 2 
XI06 cells per well. The plate was then incubated for 8 hr at 37°C for cell 
attachment. The medium was removed and fresh medium containing hemagglutinin 
at various concentrations was added (two-fold serial dilution). After incubation for 
24 hr at 37°C, the medium was removed and Griess reagent was added. The plate 
was incubated for a further 10 min for colour development. Finally absorbance at 
540 nm was recorded using a microplate reader. Nitric oxide concentration was 
determined from a calibration curve using sodium nitrite as standard. 
In the experiment, lipopolysaccharide at 1 p-g/mL concentration (in complete 
DMEM medium) was used as a positive control and dexamethasone at 5 |aM 
concentration was used as inducible nitric oxide synthase (iNOS) inhibitor. 
2.13 Assay of HIV-1 integrase 
The assay for HIV integrase inhibiting activity was kindly performed by Dr. Lau 
Tak Sun using non-radioactive ELISA method according to standard protocol (Au et 
al., 2000). 
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Figure 2.2 Scheme of Purification of hemagglutinin from French beans 
25g of French bean 
，r 
Soaked in deionized water overnight 
1 r 
Homogenization and Centrifugation (13,000 rpm, 30 min) 
，r 
pH adjustment and Centrifugation (13,000 rpm, 30 min) 
T 
Load onto SP-Sepharose column 
Unboud Fraction Bound Fraction eluted with 1 M NaCl 
y 
Dialyzed and Loaded onto Affi-Gel Blue gel column 
Bound fraction eluted with 1 M NaCl Unbound Fraction 
，r 
Dialyzed and Loaded onto Q-Sepharose column 
Bound fraction eluted with 1 M NaCl Unbound Fraction 
” 1 r 
Dialyzed and Freeze-dried Dialyzed and Freeze-dried 
1 r 1 r 
Superdex 200 column Superdex peptide column 
Y y 
Hemagglutinin Antifungal Defensin 
Figure 2.3 Scheme of Purification of hemagglutinin from mottled kidney beans 
25g of kidney beans 
，r 
Soaked in deionized water overnight 
1 r 
Homogenization and Centrifugation (13,000 rpm, 30 min) 
y 
pH adjustment and Centrifugation (13,000 rpm, 30 min) 
，r 
Loaded onto SP-Sepharose column 
Unbound Fraction Bound Fraction eluted with 1 M NaCl 
(Discarded) 
1 r 
Dialyzed and Loaded onto Affi-Gel Blue gel column 
Bound fraction eluted 1 M NaCl Unbound Fraction 
(Discarded) 
，r 
Dialyzed and Freeze-dried 
�r 




Chapter 3 Experimental Results 
3.1 Purification Scherne 
The supernatant obtained from French bean seed extract after centrifugation is 
loaded onto the ion exchange chromatography of SP-Sepharose. The elution yielded 
a large unadsorbed fraction SPl and a small adsorbed fraction SP2, both devoid of 
hemagglutinating activity (Figure 3.1.1a). The strongly adsorbed fraction SP3 
eluted with 1 M NaCl was adsorbed on Affi-gel blue gel. The hemagglutinating 
activity in fraction SP3 was recovered in fraction BG2 adsorbed on Affi-gel blue gel. 
The traces of unadsorbed materials in fraction BGl lacked hemagglutinating 
activity (Figure 3.1.1b). Fraction BG2 appeared as a very small unadsorbed peak 
and a single adsorbed peak upon chromatography on Q-Sepharose that was eluted 
with 1 M NaCl in the starting buffer (Figure 3.1.1c). The latter was then dialyzed 
and freeze-dried. The re-dissolved protein yielded a single 60-kDa peak after gel 
filtration on Superdex 200 (Figure 3.1.Id). 
In mottled kidney beans, hemagglutinating activity was found in the strongly 
adsorbed fraction SP3 from the cation-exchange SP-Separose column. The fraction 
was collected after elution using IM NaCl in buffer (Figure 3.2.1a). After dialysis, 
SP3 was then loaded onto the Affi-gel blue gel column. Hemagglutinating activity 
was recovered in the adsorbed fraction BG2, eluted using IM NaCl in buffer 
(Figure 3.2.1b). The BG2 fraction was then dialyzed and freeze-dried. The 
re-dissolved protein solution yielded a single 60-kDa peak after gel filtration on 
Superdex 200 (Figure 3.2.1c). 
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The purification yields of French bean and mottled kidney bean hemagglutinins are 
summarized in Table 3.1a and Table 3.1b respectively. 
In the course of purification of French bean hemagglutinin, the tiny unadsorbed 
peak Q3 from Q-Sepharose was chromatographed on Superdex Peptide to yield a 
single 7-kDa peak that represented purified antifungal peptide. The N-terminal 
sequence of French bean hemagglutinin closely resembles those of 
lectins/hemagglutinins from other P. vulgaris cultivars and other Phaseolus species 
(Table 3.2), and that of French bean defensin-like antifungal peptide is homologous 
to those of plant defensins (Table 3.3). 
3.2 Size determination and N-terminal sequencing 
The purified French bean hemagglutinin yielded a single band with a molecular 
mass of 30 kDa in SDS-PAGE (Figure 3.1.2). From the gel filtration calibration 
curve, the protein was found to be dimeric with a native molecular weight of 60 
kDa. 
The purified mottled kidney bean hemagglutinin, similar to its of French bean 
counterpart, yielded a single band with a molecular mass of 30 kDa in SDS-PAGE 
(Figure 3.2.2). From the gel filtration calibration curve, the protein was deduced to 
be dimeric with a native molecular weight of 60 kDa. 
The N-terminal sequence of French bean hemagglutinin was determined to be: 
ATETYFNFQRFCETNIFIQR 
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The N-terminal sequence of mottled kidney bean hemagglutinin was determined to 
be: 
ANDFYFNFQR 
3.3 Temperature stability assay 
French bean hemagglutinin retained its hemaggluinating activity after exposure for 
30 minutes to various temperatures from 0°C to 80°C. However, there was a 
complete loss of activity at and above 90°C. 
Mottled kidney bean hemagglutinin retained its activity at various temperatures 
from 0°C to 70°C. The activity was destroyed beyond 80°C. 
3.4 pH stability assay 
The hemagglutinating activity of French bean hemagglutinin was retained at various 
pH values from 1 to 12. However, at pH 13 and 14 and pH < 1, a complete loss of 
activity was observed. 
Mottled kidney bean hemagglutinin retained its activity from pH 3-12. Extreme 
acidic and alkali pH led a total loss of activity. 
3.5 Saccharides inhibition of hemagglutination 
The hemagglutinin activity of both French bean and mottled kidney bean 
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hemagglutinins could not be inhibited by any of the following sugars at 800 mM 
concentration dissolved in PBS. The saccharides include glucose, mannose, 
rhamnose，xylose, galactose, fhictose，arabinose, raffinose, sorbitol, sucrose, 
melibiose, fucose, galacturonic acid, glucosamine, mannitol, polygalacturonic acid 
and lactose. 
3.6 Stability towards Trypsin and Chymotrypsin 
Full retention of hemagglutinating activity after exposure to trypsin and 
chymotrypsin for 15，30’ 60 and 120 minutes in French bean hemagglutinin was 
observed. 
On the contrary, the hemagglutinin from mottled kidney bean was susceptible to 
trypsin digestion in a dose-dependent manner. However, full activity was retained 
after 120 min of exposure to chymotrypsin. 
3.7 Anti-proliferative activity 
The hemagglutinin from French bean inhibited proliferation of various tumor cell 
lines including LI210，MCF-7 and HepG2 with an IC50 of 6.6 [iM, 7 fiM and 13 
respectively (Figures 3.1.3-6). It exhibited a lower anti-proliferative potency 
towards normal liver WRL68 cells with an IC50 of 15 fiM. 
Mottled kidney bean hemagglutinin was capable of inhibiting the proliferation of 
various tumor cell lines including LI210, MCF-7 and HepG2, with an IC50 of 0.075 
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|iM, 0.67 |j,M and 0.50 |iM, respectively (Figures 3.2.3-6). It exhibited a much 
lower anti-proliferative potency towards normal liver WRL68 cells with an IC50 of 
15 |aM, similar to that of French bean hemagglutinin. 
3.8 HIV-1 reverse transcriptase inhibition 
French bean hemagglutinin inhibited HIV-1 reverse transcriptase with an IC50 of 1.9 
\iM (Figure. 3.1.7); while mottled kidney bean hemagglutinin inhibited the same 
viral enzyme with an IC50 of 6.7 |_iM (Figure. 3.2.7) 
3.9 Mitogen ic A ctivity 
French bean hemagglutinin was able to evoke mitogenic response from mouse 
splenocytes with the maximal response observed at a hemagglutinin concentration 
of 1.0 [iM (Figure 3.1.8). 
The maximal response from mouse splenocytes was observed at 1.0 |_iM mottled 
kidney bean hemagglutinin (Figure 3.2.8). 
3.10 Nitric oxide production 
Both the French bean and mottled kidney bean hemagglutinins did not stimulate 
nitric oxide production at various concentrations towards murine macrophages. 
3.11 HIV-1 integrase 
39 
Both French bean and mottled kidney bean hemagglutinins were not capable of 
inhibiting HIV-1 integrase at 30 mM concentration. 
3.12 Defensin 
In French bean, a defensin-like antifungal protein with inhibitory activity on 
mycelial growth in Mycosphaerella arachidicola (Figure 3.3) was isolated. On the 
contrary, no antifungal protein was found in any fraction from kidney bean. 
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Fig 3.1.1a. Results of cation-exchange chromatography of French bean on a 
SP-Sepharose column (2.5X16 cm) in 10 mM NH4OAC buffer (pH 4.5). The third 
fraction (SP3) eluted with 1 M NaCl was the hemagglutinin-enriched fraction. 
45 
1 . 8 � 
1.6 -
1.4 一 
l .OMNaCl ‘ 




0.6 - \ 
0 . 4 - BG2\ 
0 . 2 - B � 1 \ 
Q I“J I I 
0 100 200 300 400 500 600 
Volume (mL) 
Fig 3.1.1b. Results of affinity chromatography of fraction SP3 on an Affi-gel Blue 
column (25X16 cm) in 10 mM Tris-HCl buffer (pH 7.6). The main peak BG2 was 
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Fig 3.1.1c. Results of anion-exchange chromatography of fraction BG2 on a 
Q-Sepharose column (25X16 cm) in 10 mM NH4HCO3 buffer (pH 9.4). The mean 
fraction (Q2) eluted with 1 M NaCl was the hemagglutinin-enriched fraction. 
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Fig 3.1.Id FPLC-gel filtration of fraction BG2 adsorbed on Affi-Gel blue 
column on Superdex 200 HR 10/30 column in 10 mM NH4HCO3 buffer (pH 9.6). 
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Fig 3.1.2. SDS-PAGE results showing the molecular mass of a subunit of French 
bean hemagglutinin. Lane 1 contained marker proteins. Lanes 2-5 contained a serial 
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Fig 3.1.3. Inhibitory effect of French bean hemagglutinin on proliferation of L1210 
(leukemia) cancer cells. Cell proliferation was determined by MTT assay (Data 
represent means 土 SD, n = 3). 
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Fig 3.1.4. Inhibitory effect of French bean hemagglutinin on proliferation of MCF-7 
(breast) cancer cells. Cell proliferation was determined by MTT assay (Data 
represent means 土 SD，n = 3). 
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Fig 3.1.5. Inhibitory effect of French bean hemagglutinin on proliferation of HepG2 
(liver) cancer cells. Cell proliferation was determined by MTT assay (Data 
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Fig 3.1.6. Inhibitory effect of French bean hemagglutinin on proliferation of 
WRL68 (liver) normal cells. Cell proliferation was determined by MTT assay (Data 
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Fig 3.1.7 HIV-1 reverse transcriptase inhibitory activity of French bean 
hemagglutinin (Data represent means 士 SD，n=3). 
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Fig 3.1.8. Mitogenic activity of French bean hemagglutinin toward isolated murine 
spleen cells reflected in splenocyte [^H-methy 1]-thymidine uptake (cpm) (Data 
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Fig 3.2.1a. Results of cation-exchange chromatography of mottled kidney bean on a 
SP-Sepharose column (2.5 X 16 cm) in 10 mM NH4OAC buffer (pH 4.5). The third 
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Fig 3.2.1b. Results of affinity chromatography of mottled kidney bean on an 
Affi-gel Blue column (2.5 X 16 cm) in 10 mM Tris-HCl buffer (pH 7.6). The main 
peak BG2 was the hemagglutinin-enriched fraction 
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4.6 A n ti-proliferative A a ctivity toward Cancer Cells 
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Fig 3.2.1c. FPLC-gel filtration of fraction BG2 adsorbed on Affi-Gel blue column 
on Superdex 200 HR 10/30 column in 10 mM NH4HCO3 buffer (pH 9.6). 
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Fig 3.2.2. SDS-PAGE results showing the molecular mass of a subunit of mottled 
kidney beans hemagglutinin. Lane 1 contained marker proteins. Lanes 2-5 
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Fig 3.2.3. Inhibitory effect of mottled kidney bean hemagglutinin on proliferation of 
L1210 (leukemia) cancer cells. Cell proliferation was determined by MTT assay 
(Data represent means 土 SD，n = 3). 
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Fig 3.2.4. Inhibitory effect of mottled kidney bean hemagglutinin on proliferation of 
MCF-7 (breast) cancer cells. Cell proliferation was determined by MTT assay 
(Data represent means 土 SD，n = 3). 
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Fig 3.2.5. Inhibitory effect of mottled kidney bean hemagglutinin on proliferation of 
HepG2 (liver) cancer cells. Cell proliferation was determined by MTT assay (Data 
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Fig 3.2.6. Inhibitory effect of mottled kidney bean hemagglutinin on proliferation of 
WRL68 (liver) normal cells. Cell proliferation was determined by MTT assay (Data 
represent means 土 SD，n = 3). 
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Fig 3.2.6. Inhibitory effect of mottled kidney bean hemagglutinin on proliferation of 
WRL68 (liver) normal cells. Cell proliferation was determined by MTT assay (Data 
represent means 土 SD, n = 3). 
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Fig 3.2.7 HIV-1 reverse transcriptase inhibitory activity of mottled kidney beans 
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Fig 3.2.8. Mitogenic activity of mottled kidney bean hemagglutinin toward isolated 
murine spleen cells reflected in splenocyte [^H-methyl] -thymidine uptake (cpm) 
(Data represent mean 士 SD, n = 3). 
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Figure 3. Inhibitory activity of purified French bean antifungal peptide on 
mycelial growth in Mycosphaerella arachidicola. (A) 15 |al 50 mM MES buffer. 
(B) 60 |ig antifungal peptide in MES buffer (C) 12 |ag antifungal peptide in MES 
buffer. 
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Chapter 4 Discussion: 
4.1 Purification Scheme 
The purification scheme for the hemagglutinin from two cultivars of Phaselous 
vulgaris is generally identical. The seeds were first soaked in distilled water to 
soften the seed coat. The soaking was never over 24 hours since germination may 
occur. The seed coat was first removed before homogenization. The removal could 
eliminate both the barrier and colour pigments that might bind to the column. The 
supernatant was collected for analysis after centrifugation. 
In the experiment, three open columns were used: a cation exchanger, an anion 
exchanger and a affinity gel. The choice of sequence of chromatographic media 
would not affect the results to any large extent; however, ion exchange 
chromatography on SP-Sepharose was always used at the beginning due to its high 
loading capacity and low pigment absorption. All the three columns were employed 
for purification of French bean hemagglutinin whilst only the first two were used 
for isolation of the mottled kidney bean hemagglutinin. It was because Q-Sepharose 
could not further purify the hemagglutinin anymore, it was used in French bean just 
争 
to separate the anti-fungal definsin-like protein, which is present in small quantity 
(Figure 3.1.1c). 
After dialysis, the hemagglutinin solution was freeze-dried to reduce the volume 
before further chromatography on a Superdex 200 column. The process was 
essential since the FPLC system could only handle 200 |il of sample at a time. 
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Superdex 200 was used instead of Superdex peptide and Spuerdex 75, due to the 
large native molecular size of the hemaggultinin. There was a loss in protein 
recovery in this process due to precipitation after freeze-drying. Fraction of the 
highest peak would be collected only to ensure purity for further analysis. All the 
assays subsequently discussed were carried out using the purified hemagglutinin 
obtained after FPLC on Superdex 200 column. 
The hemagglutinin derived from the gel-filtration chromatography on Superdex 200 
was highly purified as judged by the presence of virtually a single peak upon elution. 
A single band from the SDS-PAGE analysis also suggested that the hemagglutinin 
was purified. In contrast, successive chromatography of pinto bean extract on 
AfFi-gel blue gel，Q-Sepharose and Mono S was necessary to yield a highly purified 
lectin preparation (Wong et al., 2006). This suggested that, even within the species 
Phaselous vulgaris, different cultivars expressed hemagglutinins with different 
physical properties. 
4,2 Sequence comparison 
Hemagglutinins and lectins produced by different cultivars of Phaceolus vulgaris i.e. 
pinto bean, red kidney bean, haricot bean and flageolet bean (Xia and Ng, 2005) 
possess highly homologous but not identical N-terminal sequences. Lectins from 
other Phaseolus species also demonstrate similar N-terminal sequences. Haricot 
bean hemagglutinin is tetrameric whereas hemagglutinins and lectins from pinto 
bean, flageolet bean, red kidney bean are dimeric although the subunit molecular 
mass for all of them is approximately 30 kDa. 
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In this project, the N-terminal sequences of French bean and mottled kidney bean 
hemagglutinins determined were highly analogous to those of other Phaselous 
cultivars. However, they differ in two to three amino acids. There are dozens of 
different Phaselous cultivars due to different geographic and climatic settings. Their 
lectins/hemagglutinins all presented a similar and relatively conserved N-terminal 
sequence 'A——FNFQR'. A comparison of several hemagglutinins or lectins from 
different cultivars is summarized in Table 3.2. 
4.3 Physical Stability of the hemagglutinins 
Before further investigation into the hemagglutinins' biological properties, it is 
important to first understand their physical properties. It is because they provide 
some clues for the potential use of the proteins, especially when they are applied to 
studies inside an in-vivo model. 
Results of both the temperature and pH stability assays suggest that the 
hemagglutinin from French bean was more stable than that from mottled kidney 
bean. The former retained its hemagglutining activity at a temperature 10°C higher. 
It was also more resistant to extreme acidic pH，suggesting that the quartemary 
structure of French bean hemagglutinin is better held e.g., by hydrogen bonds. 
Therefore, the number of intra-molecular bonds in French bean hemagglutinin is 
expected to be more than that of mottled kidney bean. However, further research 
must be done in order to confirm this, e.g. X-ray crystallography. 
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expected to be more than that of mottled kidney bean. However, further research 
must be done in order to confirm this, e.g. X-ray crystallography. 
4,4 Protease Stability 
It was found that hemagglutinins from French bean and mottled kidney bean were 
stable to chymotrypsin digestion. The protease is a polypeptide molecule 
interconnected through disulfide bonds, which cleaves at the C-terminal side of 
tyrosine, phenylalanine, tryptophan, and leucine. The hemagglutinins retain activity 
after exposure to chymotrypsin for 120 min under optimized conditions. The results 
suggest that the carbohydrate binding domains, but not necessarily the whole 
structure, remain intact. 
On the other hand, the hemagglutinin from mottled kidney bean is susceptible to 
digestion with trypsin. The enzyme, which cleaves at the C-terminal side of lysine 
and arginine residues, produces a 50% loss of the hemagglutinating activity in 15 
min. The results suggest that either aginine and/or lysine are present in the critical 
domain required for the activity. 
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The lack of an effect of trypsin on the hemagglutinating activity of French bean 
hemagglutinin suggests the possibility that none of the relevant amino acids are 
present in the carbohydrate binding domains or the amino acids are protected by the 
protein's quartanary structure. The hemagglutinin might be folded in a complex 
manner that the active site of the proteases cannot reach the amino acid at the very 
interior to be digested. 
4.5 Sugar Specificity Assay 
Lectins are defined as proteins that 'select' carbohydrates. The proteins agglutinate 
blood cells by surface carbohydrates binding. Examples include pinto bean lectin 
which is galactose-specific (Wong et al., 2006). However, no simple sugars are able 
to inhibit the hemagglutinating activity from the two cultivars of Phaseolus 
vulgaris. 
The result suggests that only complex sugars or glycoproteins might be able to 
inhibit their hemagglutinin activities. However, it was not covered in this project 
due to time limitation and lack of scientific research data for further investigation. It 
is because most researches nowadays focus only on simple sugars, the use of 
hemagglutinin specified in complex sugar maybe enormous but not yet fully 
developed. 
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4.6 A n ti-proliferative A a ctivity toward Cancer Cells 
Lectins have long been studied for their anti-proliferative activity (Nachbar et al., 
1976; Beuth et al., 1992; Andrade et al., 2004; Choi et al., 2004). It was the same 
for hemagglutinin from different cultivars of Phaselous vulgaris. Unlike pinto bean 
lectin but like hemagglutinins from black bean, haricot bean and flageolet bean, 
hemagglutinins from French bean and mottled kidney bean possessed 
anti-proliferative activity. Increasing evidence also suggested that its low toxicity to 
normal cell counterpart could be a good candidate for selective cancer treatment 
(Heinrich, 2005). 
MTT was used as an indicator to assay cell viability. The tetrazole dye changes its 
colour from yellow to purple formazan upon reduction. The colour can then be 
extracted from cells using DMSO. It yields a peak absorbance at 540 mn. The 
indicator assays the activity of mitochondrial reducing enzymes, which is 
theoretically proportional to the cell viability, e.g. the darker the colour, the higher 
the viability. The chief advantage of the MTT assay is that it requires fewer cells 
(Edmondson, 1988). It is also relatively non-toxic to cells and provides a high 
contrast upon measurement. 
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Both hemagglutinins from French bean and mottled kidney bean possessed 
anti-proliferative activity against liver, breast and leukaemia cancer cells. The 
anti-cancer activity of mottled kidney bean hemagglutinin was apparently twenty 
fold more lethal than that of French bean hemagglutinin. The mottled kidney bean 
hemagglutinin was found to be most potent against leukaemia cells, with its lethal 
concentration at 75 nM. An induced cancerous in-vivo model might be used to 
further investigate its anti-cancer activity and its suitability as a candidate drug. 
In addition, the IC50 value for normal WRL68 liver cells was found to be 15 |iM 
for both French bean and mottled kidney bean hemagglutinins, suggesting that the 
results were consistent and the hemagglutinins were less toxic to the normal cells. 
The results suggest that hemagglutinin from French bean is not suitable as an 
anti-cancer drug candidate for liver cancers because it could only kill the cells at a 
high concentration that might also kill normal cells. On the contrary, hemagglutinin 
from kidney bean could be a promising candidate for further investigation. 
4.7 HIV-1 reverse transcriptase and HIV integrase inhibition 
Both French bean and mottled kidney bean hemagglutinins manifest HIV-1 reverse 
transcriptase inhibitory activity. The IC50 value were found to be 1.9 |j.M and 6.7 
\xM respectively. For comparison, the IC50 of the purified pinto bean lectin was 3 
74 
\iM (Wong et al., 2006). 
One of the short comings of the assay is that it is an in-vitro system, meaning that 
there might be deviation when applied in-vivo. However, as a pilot screening test, it 
is sufficient to conclude that the hemagglutinins may interfere with the virus 
infection to host cells. 
On the other hand, both hemagglutinins from French bean and mottled kidney bean 
do not inhibit HIV-1 integrase. This is constrast to some of the ribosome 
inactivating proteins tested (Au et al , 2000; Ng et al., 2002). 
4.8 Mitogenic Activity 
Mitogenic activity toward mouse splenocytes is a common feature of most lectins 
and hemagglutinins. Examples include, but are not limited to, those from pinto 
beans (Wong et al., 2006) and northern beans (Kamemura et al.，1993). The uptake 
of the radioactive (^H-methyl)-thymidine was adopted to measure the degree of cell 
proliferation. 
The incorporation assay is based on the principle that when murine splenocytes 
divide, they take up radioactive thymidine from the incubation medium for DNA 
synthesis. The medium is then removed. The radioactively-labeled thymidine 
incooperates into DNA. The cell is therefore an index of the mitogenic responses. 
The mitogenic response of splenoctyes does not necessarily increase with 
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concentration indefinitely, in fact most of them were not (Wong et al., 2006). One of 
the first discovered lectin, concanavalin A from jack bean, was used as a positive 
control in this assay. 
In this project, both hemagglutinins from French bean and mottled kidney bean 
demonstrated strong mitogenic activity, at a maximum response when concentration 
was 1.0 }xM. The results suggest that the domain(s) that simulated cell growth are 
relatively similar between the hemagglutinins of the two cultivars, despite their 
small differences in N-terminal sequence. 
4.9 Antifungal protein 
The French bean defensin-like antifungal peptide resemble previously isolated plant 
defensin-like peptides in N-terminal sequence as well as chromatographic behavior 
on Affi-gel blue gel and ion exchangers (Ye et al.，1999; Wong and Ng, 2005; Ngai 
and Ng, 2005). 
The N-terminal amino acid sequence of the protein was homologous with the 
previously isolated defensins and defensin-like proteins of different sources. The 
yield, unfortunately, was found to be very low. The defensin was previously purified 
and characterized by my lab-mate from another cultivar of Phaselous vulgaris. The 
N-terminal sequences were found to be homologues. Therefore, the characterization 
of the protein was not presented. 
On the other hand, no defensive-like anti-fungal protein was found in the mottled 
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kidney bean. The results suggest that each cultivar of the same species could exhibit 
very differently. It may be due to different climatic condition or soil composition. 
And the result also suggests the condition in where mottled kidney bean grows 
might be less suitable for the growth of fungus. Hence, the expression of anti-fangal 
protein is reduced to reserve more energy for vegetative development. 
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Chapter 5 Conclusion 
In summary, a highly efficient chromatographic procedure using cation exchange 
chromatography on SP-Sepharose, affinity chromatography on Affi-gel blue, anion 
chromatography on Q-Sapharose and gel filtration chromatography initially for 
isolating French bean and mottled kidney bean hemagglutinins and antifungal 
peptide is described herein. The hemagglutinins are found to be purified, appearing 
as a single band in the SDS-PAGE gel. 
It is demonstrated in this study that hemagglutinins from different cultivars of a 
species are not identical in amino acid sequence and biological potency. French 
bean hemagglutinin isolated in the present study is relatively stable in terms of 
temperature, pH and protease resistant but biologically less potent than 
hemagglutinin from mottled kidney bean. The latter possesses better potentially 
exploitable activities, especially anti-cancer activity. 
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Chapter 1 Introduction 
1.1 General Introduction 
1.1.1 Definition 
Hemolysins are defined as substances that are capable of lysing erythrocytes either 
in vitro or in vivo. The substance is not necessarily a protein, for example, it may be 
some toxins. However, only proteins would be focused on this project. 
1.1.2 Research on Mushroom Hemolysins 
The first hemolysin studied was isolated by Seeger in 1973. The protein was 
purified from Amanita phalloides, named phallolysin. It was found to be 30 kDa in 
molecular size by gel chromatography. In addition, it was found to be heat and acid 
liable. It was also found that the protein was resistant to various proteases including 
trypsin, alpha-chymotrypsin, pepsin, proteinase K, bromelin, subtilisin and pronase 
E (Seeger, 1975). 
Another hemolysin, ostreolysin, purified from edible oyster mushroom {P. 
ostreatus\ was found to be a 16 kDa pore-forming protein mainly expressed in the 
primordia and fruiting bodies. The protein lysed human, bovine and sheep 
erythrocytes at nanomolar concentrations through a colloid-osmotic mechanism. It 
was compatible of forming pores on cells of 4 nm diameter. The protein was found 
to be cytotoxic to mammalian tumor cells (Sepcic et al.，2004). 
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Other than edible mushrooms, a hemolysin has also been isolated from a poisonous 
mushroom species, Rhodophyllus rhodopolius. It was purified by traditional 
methods involving cation-exchange chromatography, ammonium sulphate 
precipitation and gel filtration chromatography. The molecular weight of the protein 
was estimated to be 40,000 kDa from SDS-polyacrylamide gel electrophoresis. 
Similar to other hemolysins, it was liable to heat and acidic pH but also susceptible 
to digestion from several proteases including pepsin and papain. Erythrocytes of 
mouse, chicken, rat, horse and human but not erythrocytes from sheep and cow 
were sensitive to the hemolysin (Suzuki et al., 1990). 
1.2 Mechanism of hemolysis 
The mechanism of hemolysis induced by hemolysins has been studied (Seitz et al , 
1981). One of the earliest isolated hemolysins, phallolysin，causes extensive 
swelling of cells. The group also found that the toxic protein induced cytolysis in 
most mammalian cells at a concentration of lO'^M (lOnM). The cells thereby burst 
after reaching the critical volume, and haemoglobins was released to the medium. It 
was also found that the hemolysin caused a great influx of sodium ions with an 
outflow of potassium ions. In the morphological point of view, the lysis of cells is 
indistinguishable from that when the cells are placed in a hypotonic environment, 
e.g. in pure water. 
1.3 Biological role of Hemolysin 
Hemolysin production is linked to virulence for many microorganisms such as 
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bacteria, leading to septicemia and diarrhea (Raimondi et al., 2000). Hemolysin 
brings about lysis of erythrocytes, mast cells, neutrophils and polymorphonuclear 
cells, and enhances virulence by causing tissue damage or by dissolving materials 
that would prevent pathogens from spreading throughout the tissue (Raimondi et al., 
2000). 
Except in the case of bacterial infection, hemolysins from mushrooms are not 
intended to lyse blood cells and tissues in mammals. Instead, they appear to have 
regulatory functions within the organism. One of the most extensively studied 
hemolysin, ostreolysin, has been hypothesized to play an important role in lipid 
metabolism. Research suggests that the hemolysin recognizes and binds specifically 
to membrane domains enriched in cholesterol and sphingomyelin. Thereby leading 
to permeabilization of the membrane. It is also concluded that the increase of 
cholesterol concentration enhanced ostreolysin binding, suggesting that the 
membrane lateral distribution and accessibility of the sterols are important for the 
activity of this cytolysins (Sepcic et al , 2004; Rebolj et al., 2006). 
It is also found that ostreolysin is expressed during the formation of primordia and 
fruiting bodies but falls during maturation (Kudo et al., 2001). It is also not found in 
the vegetative mycelia, which is in accord with previous finding that the gene is 
specifically expressed during fruiting initiation. Therefore, it is hypothesized that 
the hemolysin plays an important role in initial phase of fungal fruiting (Beme et al., 
2002; Vidic et al., 2005), such as hyphal aggregation (Femande et al., 1997) and 
apoptosis (Ku"es and Liu, 2000). However, their exact biological role is not yet 
clear till now. 
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Apart from these, hemolysins display a variety of mechanisms of action in different 
cell types e.g. increasing production of cyclic AMP (Fuji et al., 2003)，augmenting 
protein tyrosine phosphatase activity (Vandana et al., 2003)，binding to low density 
lipoprotein (Kudo et al., 2001)，and vacuolation and subsequent lysis of cells 
(Hertle et al., 1999). However, details of the mechanisms are not known. 
1.4 Mushroom Hemolysin 
One of the major sources of natural hemolysins is found in mushrooms. They have 
been successfully isolated from several species of mushroom including Pleurotus 
ostreatus, Pleurotus eryngii (Ngai and Ng, 2006) and Agrcybe cylindracea (Berne et 
al., 2002). 
Mushrooms are known for their high protein content. In addition, a variety of 
bioactive proteins have been isolated from mushrooms including lectins (Wang et 
al., 1996; Yagi et al., 1997), ribosome, inactivating proteins (RIPs), ribonucleases 
(RNases), lectins (Wang et al., 1996，Yagi et al., 1997), proteases (Wang and Ng, 
2001), laccases (Giardina et al., 1999), antifungal proteins (Lam and Ng, 2001), and 
hemolysins (Beme et al., 2002). Some mushroom lectins are shown to have 
antitumor and antiproliferative activities (Wang et a l , 1996)，while other mushroom 
proteins like antifungal defensin and laccases have potential applications and 
biotechnological importance. 
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In Flammulina velutipes, both lectins and hemolysin could be isolated. However, 
the tiny amount of lectin has already been purified and characterized by our 
colleagues. Therefore only hemolysin will be discussed in this project. 
1.5 Application of hemolysins 
Recent research suggests that the hemolysin in mushroom fruit bodies may be a 
source of gene candidate for insecticide due to its resistance to various proteases 
(Wang et al., 2002). In addition, the lack of a strongly acidic stomach also reduces 
insects' resistance to the action of hemolysins. 
1.6 Objective of the present study 
The present investigation aims at adding biochemical data to mushroom 
{Flammulina velutipes) hemolysin. Since the biological activities of previously 
isolated mushroom hemolysins have not been extensively characterized, the present 
study was undertaken with a view to examine both the physical and biological 
activities of F. velutipes hemolysin in detail. 
The activities include temperature stability, pH stability, protease resistance, 
anti-proliferative activity toward liver tumor cells and mitogenic activity towards 
splenocytes. The study would also evaluate the possibility of the hemolysin as an 
anti-cancer drug, although in a primitive approach. 
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Chapter 2 Materials and Methods 
2.1 Purification Scheme 
Fresh Flammulina velutipes mushrooms (25g) were homogenized in buffer before 
centrifugation at 1,300 g for 30 minutes. The crude extract was concentrated using a 
membrane filter purchased from Vivascience (Cat. No.: VS2012). The concentrated 
extract was then subjected to anion chromatography in 20 mM NH4HCO3 buffer 
(pH 9.4) by fast protein liquid chromatography (FPLC) on a Mono Q column 
(Amersham Biosciences). 
After elution of unadsorbed proteins, adsorbed proteins were desorbed using two 
successive linear NaCl concentration gradients (0 - 0.3 M followed by 0.3 M - IM). 
The first peak eluted was further purified and chromatographed on a Superdex 200 
column in 20 mM NH4HCO3 buffer (pH 9.4). The purified hemolysin was again 
concentrated and it was used in further characterization assays. The detailed 
purification scheme is shown in Figure 2.1 
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Figure 2.1 Scheme of Purification of hemolysin from Flammulina velutipes 
25g of Fruit body 
，r 
pH adjustment to 9.4 and Centrifugation (13,000 rpm, 30 min) 
Concentration by ultrafiltration 
> r 
Loaded onto MonoQ column 










2.2 Molecular mass determination and sequence analysis 
The purified hemolysin was subjected to sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (Laemmli and Favre, 1973) and gel filtration on a calibrated 
FPLC-Superdex 200 HR 10/30 column to determine its molecular mass. Its 
N-terminal sequence was determined by Edman degradation. 
2.3 Assay of hemolytic activity 
Rabbit erythrocytes were washed with 10 mM phosphate-buffered saline (PBS: pH 
7.5) three to four times, and adjusted to a final concentration of 4% (v/v) in PBS. A 
sample solution (0.2 ml) was mixed with rabbit erythrocytes (0.2 ml), and incubated 
at room temperature for 1 h before centrifugation at 1000 x g for 5 min. The 
amount of hemoglobin released from disrupted erythrocytes was determined 
spectrophotometrically. One hundred percent hemolysis is defined as OD540 of 
hemoglobin released from erythrocytes treated with 0.1% Triton X-100. One 
hemolysin unit (HU) is defined as the amount of hemolysin eliciting 50% 
hemoglobin release (Berne et al., 2002). 
2.4 Effect of different sugars and salts on hemolytic activity of hemolysin 
The hemolysis inhibition tests to investigate inhibition of hemolysin-induced 
hemolysis by various carbohydrates and salts were performed in a manner 
analogous to the hemolysis test. The results would give a clue to whether the 
hemolysin interacts with any carbohydrate(s) or salt(s) on the erythrocyte 
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membrane to exert its hemolytic action. The procedure was analogous to that in 
hemagglutinin sugar inhibition assay. The minimum concentration of the sugar or 
salt in the final reaction mixture which completely inhibited 16 HU of the 
hemolysin preparation was calculated (Beme et al., 2002). The sugar tested were the 
same as those tested in hemagglutinin. 
The salts used in this assay included sodium carbonate (NaaCO〗)，sodium 
hydrocarbonate (NaHCOs), soldium phosphate (Na3P04)，sodium thiosulfate 
(NaS203)， sodium metabisulphite (NazSiOs)， sodium dihydrogenphosphate 
(NaHaPCU)，disodium hydrogenphosphate (Na2HP04), potassium bromide (KBr), 
potassium iodide (KI), potassium dihydrogenphosphate (KH2PO4), magnesium 
chloride (MgCy, magnesium sulphate (MgSO^), zinc sulphate (ZnS04)，calcium 
chloride (CaC^), copper chloride (CuCb), copper sulphate (CuSCU)，and silver 
nitrate (AgNOa). 
2.5 Effects of temperature and pH on hemolytic activity 
Hemolysin with hemolytic activity of 8 HU was used for the assays. The proteins 
were treated for 30 min in each of the experiments. The procedure was analoguous 
to that in hemagglutinin activity assay. The absorbance of the 540 run supernatant 
obtained after hemolysin treatment was measured (Beme et al., 2002). 
2.6 Effects ofprotease on haemolytic activity of hemolysin 
Hemolysin with hemolytic activity of 8 HU was used for the assays. The proteins 
• • 
were subjected to trypsin or chymotrypsin digestion up to 120 min. The procedure 
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was analogous to that in the hemagglutinin activity assay. The absorbance of 540 
nm supernatant obtained after hemolysin treatment was measured (Beme et al., 
2002). 
2.7 Osmotic protection experiments 
In this experiment, 0.2 ml of a 4% rabbit erythrocyte suspension containing an 
osmotic protectant was mixed with 0.2 ml of purified hemolysin (8 HU). PEG 1500 
and PEG 4000 were used as the osmotic protectants at a final concentration of 30 
mM. PEG 6000，PEG 10000 and PEG 20000，were used at a final concentration of 
15 mM. The absorbance of 540 nm supernatant obtained after hemolysin treatment 
was measured (Beme et al., 2002). Similar to the previous assay, triton X-100 was 
used as the positive control. 
Protection from hemolysis was calculated as follows: % protection = (1 - hemolysis 
rate in the presence of osmotic protectant/hemolytic rate without osmotic protectant) 
X 100 (Beme et al.，2002). 
2.8 Assay of hemolysin for antiproliferative activity toward tumor cells 
In the assay, hepatocarcima cells and normal cells were used. The procedure was 
analogous to that in the assay in hemagglutinin for anti-proliferative activity. 
However, cells were incubated with different concentrations of hemolysin in the 
presence of 15 mM PEG 10000. Incubation was continued for 48 hr. The cell 
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viability was assayed using MTT assay as described in the previous section in the 
methodology chapter and the absorbance was measured at 540 nm. 
The viability of both cell lines without PEG 10000 was assayed for their viability. 
In addition, the hepatocarcinoma HepG2 cells were also treated for a shorter period 
of time (1 hr, 2 hrs and 4 hrs) to determine short-time effect of hemolysin. 
2.9Assay for mitogenic activity (Wang et al, 2004) 
The assay was done analogues to that of hemagglutinin. However, the splenocytes 
were incubated with hemolysin in the presence of PEG 10000. 
2.10 Assay for antifungal activity of hemolysin 
The results would reveal whether the hemolysin produces an adverse effect on cells 
other than erythrocytes. The assay for antifungal activity, a potentially exploitable 
effect，was carried out as described by Lam and Ng (2001). 
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Chapter 3 Experimental Results 
3.1 Purification and sequence determination 
The fruiting body extract was fractionated on a Mono Q column into an unadsorbed 
peak devoid of hemolytic activity, several adsorbed peaks eluted in the first NaCl 
concentration gradient, and one adsorbed peak in the second NaCl concentration 
gradient (Figure 3.1). Hemolytic activity was detected only in the first adsorbed 
peak (Table 1). Peak A was already highly purified as judged by gel filtration on 
Superdex 200 which revealed essentially a single peak (Figure 3.2). This peak 
exhibited a molecular mass of 30 kDa in SDS-PAGE (Figure 3.3). There was an 
approximately 4-fold increase in specific hemolytic activity of the hemolytic 
principle as a result of this purification procedure (Table 3.1). The N-terminal 
sequence was determined to be PQVKT SWEDL. 
3.2 Effect of sugars and salts on hemolytic activity of hemolysin 
It was found that only N-galacturonic acid at 50 mM concentration inhibited the 
hemolytic activity of the hemolysin by 50%. However, further increase of 
N-galacturonic acid in concentration led to disruption of blood cells. 
Among the salts tested, several showed inhibitory effects. The ranking of their 
hemolysis inhibiting potencies are as follows: CUSO4 (3.9 mM) > CuCb (7.8 mM) 
> NazCOs, ZnS04 (15.6 mM) > NaiSiOs (25 mM) > Na3P04 (35.3 mM) > NaHCOa 
(62.5 mM) where the concentration in parentheses represent the minimal 
concentration that could inhibit hemolysis of the hemolysin. 
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3.3 Effect of Temperature and pH on hemolytic activity of hemolysin 
The hemolysin was stable between 0°C and 50°C. 
The hemolysin was stable over the pH range 4.0 - 12.0. There was no activity when 
the pH was raised to 13 and 14 or lowered to 0-3. 
3.4 Effect of Proteases on haemolytic activity o hemolysin 
The hemolysin was found to be trypsin and chymotrypsin stable up to 120 min at 
pH 7.0 and 37 (data not shown). 
3.5 Effect of osmotic protection on hemolytic activity of hemolysin 
Hemolysis induced by flammulolysin was osmotically protected by a mean 
hydrated diameter close to 9.3 nm (PEG 10000), but not by PEG 1500, PEG 4000, 
PEG 6000 or PEG 20000 of a larger or smaller size. In addition, PEG 6000 and 
PEG 20000 showed 20-30% of inhibition (Figure 3.4). 
3.6 Effect of hemolysin on tumor cells 
Eryngeolysin reduced the viability of HepG2 cells significantly to lower than 10% 
(data not shown) even in the presence of PEG 10000. However, normal liver WRL 
68 cells retained 100% viability at all concentrations tested up to 800 nM in the 
presence PEG 10000 (Figure 3.5). 
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4.6 A n ti-proliferative A a ctivity toward Cancer Cells 
Its maximum mitogenic action on mouse splenocytes (Figure 3.6) was found at a 
concentration of 0.36 |iM in the presence of PEG 10000. 
3.8 Effect of hemolysin on bacterial growth 
The hemolysin manifested strong anti-bacterial effect no matter in the presence or 
not of PEG 10000. However, the effect was stronger in the absence of PEG 10000 
(Figure 3.7) 
3.9 Effect of hemolysin on fungal growth 
Flammulolysin did not manifest any antifungal activity toward Botrytis cinerea, 
Fusarium oxysporum, Mycosphaerella arachidicola, Physalospora piricola and 
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Figure 3.1. Fast protein liquid chromatography (FPLC) of crude extract of 
Flammulina velutipes fruiting bodies on a 1-ml Mono Q column in 10 mM 
NH4HCO3 buffer (pH 9.4) at a flow rate of 1 ml/min. The two slanting lines 
across the chromatogram indicate the two linear NaCl gradients used to elute 
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Figure 3.2. Gel filtration of peak A on a Superdex 200 HR 10/30 column in 10 
mM NH4HCO3 buffer (pH 9.4) at a flow rate of 0.5 ml/min. The single peak labeled 
exhibited hemolytic activity. 
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Figure 3.3. SDS-polyacrylamide gel electrophoresis followed by staining with 
Coomassie blue. Lane I: Molecular mass marker proteins; Lane II-IV: 5 ^g, 10 |Lig 
and 15 )ag purified hemolysin from single peak obtained in gel filtration step. 
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Figure 3.4. Inhibitory effect of osmotic protectants on hemolysis induced by 
flammulolysin. The protectants used were A: PEG 1500 molecular diameter (1.39 
nm); B: PEG 4000 (3.66 nm); C: PEG 6000 (5.66 nm); D: PEG 10000 (9.29 nm); 
and E: PEG 20000 (18.59 nm). 
99 







0 ‘ ‘ ‘ ‘ 
0 200 400 600 800 
Hemolysin concentration (nM) 
Figure 3.5. Cytotoxicity of flammulolysin on normal liver (WRL 68) cells, in the 
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Figure 3.6 Mitogenic activity of flammulolysin on splenocytes in the presence 
of PEG 10000 (15 mM). 
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Figure 3.7 Effect of flammulolysin on the growth of bacteria staphylococcus 
aureus. The concentration of flammulolysin was 7.5 |xM in each of the treatments. (A: 
control; B: flammulolysin only; and C: flammulolysin with 15mM PEG 10000) 
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Chapter 4 Discussion 
4.1 Purification and sequence comparison of hemolysin 
A simple procedure is described herein for the isolation of a hemolysin from 
fruiting bodies of the mushroom Flammulina velutipes. The procedure involves ion 
exchange chromatography on Mono Q and gel filtration on Superdex 200. 
Comparably, a procedure that comprised (NH4)2S04 precipitation, gel filtration on 
Sephadex G50, and ion exchange chromatography on High Q and Resource Q has 
previously been used for isolating other mushroom hemolysins (Berne et al,, 2002). 
The hemolysin is found to be susceptible to the freeze-drying at a low temperature 
and therefore the concentration process is done using ultrafiltration. 
Flammulolysin can be obtained at a high yield (446 mg/kg) from the fruiting bodies 
of the mushroom, similar to the yields of ostreolysin and aegerolysin (Berne et al., 
2002). The specific hemolytic activity of purified flammulolysin is similar to that of 
V. fluvialis hemolysin (Han et al., 2002). The purification of both hemolysins was 
monitored with the same hemolysis assay. A nearly 50-fold purification was 
achieved in case of V. fluvialis hemolysin (Han et al., 2002) whereas an 
approximately 15-fold, 22-fold and 30-fold purification was obtained . for 
eryngeolysin, aegerolysin (Beme et al., 2002) and ostreolysin (Berne et al., 2002), 
respectively. 
The hemolysin from Flammulina velutipes, designated as flammulolysin, manifests 
impressive sequence homology to osteolysin, its counterpart from a mushroom, the 
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oystej mushroom Pleurotus ostreatus (Berne et al., 2002). Their molecular masses 
are also similar. However, lectin (hemagglutinin) is absent from Pleurotus eryngii 
whereas both lectin and hemolysin can be isolated from Flammulina veliitipes, 
which is similar to a unknown protein isolated from another mushroom Herichim 
erinacenm (Fu et al., 2003). However, it shows no similarity with well studied 
mushioom hemolysins from Pleurotus ostreatus (Beme et al., 2002) as well as 
Agrocybe cylindracea (Wang et al., 1996，Berne et al., 2002) in N-terminal 
sequence. In addition, the hemolysin exhibits marked differences in amino acid 
sequence and molecular mass from hemolysins of the bacteria Vibrio fluvialis, V. 
cholerae, V. mimicus and V, anguillarum (Han et al., 2002). 
The yield of the hemolysin designated as flammulolysin was 44.6 \xglg fruiting 
bodies (Table 4.1). Results of N-terminal sequence of flammulolysin revealed a 
single peak in each cycle indicating homogeneity of the preparation. 
4.2 Sugar and Salts inhibition 
The effect of sugars on the hemolytic activity of hemolysins often has not been 
extensively studied previously. N-galacturonic acid and N-glycolylneuraminic 
acid inhibit the hemolytic activity of flammulolysin and eryngeolysin, respectively, 
implying that the interaction of flammulolysin and eryngeolysin with 
N-galacturonic acid and N-glycolylneuraminic acid present on the erythrocyte 
membrane may play a role in preventing their respective hemolytic action of 
eryngeolysin. 
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The effect of cations on the activity of mushroom hemolysins has been examined. 
Hemolysis induced by ostreolysin is not potentiated by Zn^^(Berne et al , 2002), in 
contrast to Aspergillus fumigatiis hemolysin (Sakaguchi et al., 1975). Ostreolysin 
is reduced by HgCla (Berne et al., 2002). V. fluvialis hemolysin is inhibited by the 
chlorides of the divalent Zn^ "", Ni^ "", Cd^^ and Cu^^ cations (Han et al., 2002)，but 
not those of monovalent cations augmented such as Li+ and Cs+ (Han et al., 2002). 
Proposed in the lytic mechanism, the hemolytic activity of flammulolysin is reduced 
by the salts of a variety of monosodium ions except NaH2P04, Na2HP04 and 
NazSaOs, and inhibited by copper and zinc ions. The ability of NasPOq but not 
NaH2P04 to inhibit the hemolytic activity may be due to an effect of pH. Overall 
speaking, flammulolysin is only inhibited by certain chemicals out of the long list 
tested (Ngai and Ng, 2006)，and the actual mechanism for inhibition is not well 
known. 
4.3 Temperature stability 
Flammulolysin and eryngeolysin (Ngai and Ng, 2006) are unstable at temperatures 
above 50°C and above 40°C respectively, unlike the thermostable hemolysin from 
Vibrio parahemolytics (Raimondi et al., 2000). These observations suggest that 
hemolysin in the mushroom would be inactivated after cooking for human 
consumption. Ostreolysin and aegerolysin are also heat-labile (Berne et al., 2002). 
Similar to V. fluvialis hemolysin, flammulolysin demonstrates optimal activity at 
37°C and its activity is indiscernible at 0 � C (Han et al , 2002). In addition, boiling 
the hemolysin for 5 minutes totally inactivates its activity, similar to that of 
ostreolysin (Beme et al., 2002). 
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4.4 pHstability 
Flammulolysin is stable from pH 4 to pH 12. The result suggests that the hemolysin 
is more vulnerable to acidic pH than alkaline. In addition, intoxication due to 
consumption of the mushroom is not likely, but possible. Diets containing large 
quantity of the raw mushroom, however, may lead to gastric tract damage before the 
protein is denatured. 
4.5 Protease stability 
Like other hemolysins purified from edible mushrooms, the flammulolysin cannot 
be digested by proteases. The result suggests that the hemolysin pore-forming site(s) 
possesses no tyrosine, phenylalanine, tryptophan, leucine (digestion site for 
chymotrypsin), lysine and arginine (digestion site for trypsin) residues at its 
C-terminal side. 
4.6 Osmotic Protection 
The mean hydrated diameters of PEG 1500，PEG 4000，PEG 6000，PEG 10000 and 
PEG 20000 are 1.39, 3.60, 5.66, 9.29 and 18.59 nm, respectively (Panchal et al , 
2002). From the result, the pores induced by the flammulolysin should be around 
9.29 nm. The fact that 5.66 nm and 18.59 nm are only the average size of PEG 6000 
and 20000 accounts for their minor degree of protection. The result is not fully 
aligned with that of previous research, which proposed that both PEG 6000 and 
PEG 20000 could fully protect the cells (Tomita et a l , 1998), indicating, that the 
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Flammulina velutipes they used might not be the same cultivar in this study. 
4.7 Anti-tumour activity of the hemolysin 
It is found that the flammulolysin exerts strong anti-proliferative activity on liver 
cancer cells. The cancer cells are killed within hours, suggesting that they should be 
destroyed by mean of cell lysis rather than intoxication. However, subsequent 
addition of PEG 10000 cannot prevent lysis of cancer cells. It is hypothesized that, 
due to unknown reasons, PEG 10000 cannot protect osmotically the pores generated 
by the flammulolysin. However, detailed mechanism is beyond the scope of this 
project and will not be discussed here. 
On the other hand, the normal liver cells lyse in the absence of PEG 10000 but not 
when it's present. It is found that the cells are intact even at a flammulolysin 
concentration 10-fold higher that in HepG2 cells, when PEG 10000 is present. The 
result suggests that the osmotic protectant can effectively reduce the damage of 
flammulolysin. 
Generally speaking, the anti-tumor results suggest that flammulolysin may be a 
good candidate to treat liver cancer. However, further investigations on the effect of 
hemolysin towards other cells are needed and in-vivo toxicity testing is required to 
see the whole picture. The actual efficiency towards tumors cells in-vivo is also to 
be determined. 
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4.8 A nti-fungal activity 
Ostreolysin is devoid of insecticidal activity (Berne et al, 2002). Both 
flammulolysin and eryngeolysin (Ngai and Ng, 2006) are devoid of antifungal 
activity toward a variety of fungal species suggesting that they do not have a lytic 
action on fungal cells. 
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Chapter 5 Conclusion 
In summary, the isolation of a hemolysin designated flammulolysin, using a 
simplified protocol, is reported herein from the mushroom Flammulina velutipes. 
It bears little or no N-terminal sequence resemblance to other fungal and bacterial 
hemolysins. The present study on flammulolysin furnishes the following additional 
information about mushroom hemolysins. Little of the following types of 
information is available about other hemolysins in the literature. It is found that 
N-galacturonic acid, several sodium and copper ions inhibit the hemolytic action of 
flammulolysin. In addition, flammulolysin exhibits a strong antiproliferative action 
against hepatoma cells, whilst showing no damage to normal cells in the presence of 
osmotic protectant. It possesses strong mitogenic activity toward mouse splenocytes. 
Flammulolysin is stable below 60 °C and in the range of pH 4 - pH 12. It is devoid 
of antifungal action. 
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Chapter 1 Introduction 
1.1 Plant antifungal peptides 
Unlike animals, plants possess no immune systems. Therefore, they are, especially 
the storage parts, vulnerable to bacterial and fungal attacks. There are almost 
seventy thousand fungal species identified to date and it is estimated that over 
one-third of them are pathogenic to plants. Therefore, instead of active moving 
immunoglobins, plants develop a variety of defence mechanisms. One of the widely 
evolved systems is the production of antifungal proteins or peptides. 
1.2 Classification of antifungal proteins 
Antifungal proteins can be classified into thirteen families, including endo-beta 
glucanases, chitinases, pathogenesis-related proteins 1 (PR-1), chitin-binding 
proteins, thaumatin-like proteins (TLPs), defensins, cytophiiin-like proteins, 
glycine/histidine-rich proteins, ribosome-inactivating proteins (RIPs), lipid-transfer 
proteins (LTPs), protease inhibitors, thionins, and unclassified proteins (Ng, 2004). 
Some of the antifungal proteins are named according to their specific functions in 
the organisms. For example, the chitinases and defensins are named for their 
enzyme activity and specific function in defence, respectively. In addition, some 
antifungal proteins are named in such a manner to indicate their similarity to known 
proteins, e.g. thaumatin-like proteins (TLPs) and cytophilin-like proteins. 
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LS Distribution of antifungal proteins in plants 
It is found that antifungal proteins are virtually found in every tissue in plants. The 
finding suggests that the expression of the protein is in response to the pathogens. 
The proteins can be found in seeds (Agizzio et al., 2003), bulbs (Deepak et al., 
2003), shoots (Wang and Ng, 2003)，barks (Huang et al” 2002) and leaves (Yang 
and Gong, 2002). 
1.4 Mechanisms of antifungal activity 
The mechanisms of some antifungal proteins and peptides have been reported and 
elucidated in the literature. One of the well-studied proteins, thaumatin-like proteins, 
can destabilize fungal membranes as well as binding and/or hydrolyzing fungal 
p-l,3-glucans. It is also found that some thaumatin-like proteins, for example 
tobacco osmotin, could be even more versatile by stimulating a mitogen-activated 
protein kinase signal translation mechanism to bring about alterations in the fungal 
wall that increase toxicity (Yim et al, 1998; Grenier et al., 1999). On the other hand, 
chitinases may hydrolyze chitin, a polymer of N-acetylglucosamine which is a 
major component of the fiingal wall (Graham and Sticklen, 1994). However, the 
mechanisms of action of most other antifungal proteins and peptides are not clearly 
investigated. 
I l l 
4.6 A n ti-proliferative A a ctivity toward Cancer Cells 
Coping with the boosting population of the world, one of the promising solutions is 
to increase the efficiency of agriculture. Transgenic plants, e.g. wheat and rice 
expressing the genes of these antifungal proteins and peptides may be robust in their 
resistance against pathogenic fungi. The economic losses incurred as a consequence 
of crop destruction by fungal infections can thus be minimized. The acceptability of 
these transgenic plants in the market remains to be seen. However the trend of 
transgenic crops is inevitable (Selitreimikoff, 2001). 
On the other hand, with the prevalence of antibiotic-resistant fungi, the use of 
natural antifungal proteins for treatment or prevention of infection may guarantee 
human beings a healthier life and food supply (De Lucca, 2000). In addition, some 
of the antifungal proteins and peptides studied display human immunodeficiency 
virus (HIV-1) enzyme inhibiting activities (Ng et al., 2002). 
L 6 Antifungal peptide from Buckwheat 
Buckwheat {Fagopyrum esculentum) is a plant in the family Polygonaceae. The 
species expresses in many different cultivars growing in almost every continent on 
earth. The most common buckwheat species is Fagopyrum esculentum Moench, 
known as common buckwheat or sweet buckwheat. Its seed sometimes is counted 
as a cereal. The plant shows great tolerance to a hostile environment, for example, 
acidic soil. It is grown in various areas in the globe. Although production in US has 
been reduced in recent years, it is still extensively used in the food industry 
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including flour and gluten-free beer making. However, unlike the edible seeds, the 
vegetative parts are toxic to human. 
Buckwheat contains antioxidants (Hinneburg et al , 2006)，for example, rutin, heat 
stable trypsin inhibitors (Li et al, 2006)，peroxidase (Suzuki et al., 2006), lipases 
(Suzuki et al., 2004) and antifungal proteins (Fujimura et al., 2003). Among them, 
the antioxidants are well studied in the literature. 
In addition, buckwheat proteins are found to have cholesterol-lowering effects and 
antihypertensive effects. Similar to the effect of dietary fibre, the wheat improves 
constipation and obesity conditions (Li and Zhang, 2001). 
L 7 Objective of the present study 
The present investigation aims at adding biochemical data to the investigation of 
plant antifungal peptides. The fact that previously isolated buckwheat antifungal 
protein has not been extensively characterized, the present study was undertaken 
with an aim to examine both the physical and biological activities of Fagopyrum 
esculentum antifungal peptide in detail. 
The activities include temperature stability, pH stability, protease resistance, 
anti-proliferative activity toward liver tumor cells, and mitogenic activity. Similar to 
that of hemolysin, the study would also evaluate the possibility of the peptide as a 
drug or fungicide. 
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Chapter 2 Materials and Methods 
2.1 Purification Scheme 
Dried seeds of buckwheat (25 g) were soaked in distilled water overnight and 
homogenized in distilled water. To the resulting supernatant, NH4OAC buffer (pH 
4.5) was added until a final concentration of 10 mM was attained. Cation exchange 
chromatography on a 2.5 x 16 cm column of SP-Sepharose (Amersham Biosciences) 
was carried out. Unadsorbed peptides were eluted using 10 mM NH4OAC buffer 
(pH 4.5) while adsorbed peptides were eluted with 1 M NaCl in 10 mM NH4OAC 
buffer (pH 4.5) into fraction SP2. Both fractions were tested for the presence of 
antifungal activity. 
The fraction that possessed antifungal activity was dialyzed extensively against 
distilled water twice each time for 8 hours before addition of IM NH4HCO3 buffer 
(pH 9.4) to produce a final concentration of 10 mM NH4HCO3. The solution was 
then loaded on a 2.5 x 16 cm column of Q-Sepharose (Amersham Biosciences). The 
unadsorbed peptides was collected and the column was eluted with 10 mM 
NH4HCO3 (pH 9.4) containing IM NaCl. Both fractions were then tested for 
antifungal activity using the method described in the previous section. 
The fraction that possessed antifungal activity was dialyzed extensively against 
distilled water for 8 hours with two changes in water. The solution was then 
freeze-dried and then chromatographed on a Superdex peptide column by FPLC on 
an AKTA Purifier (Amersham Biosciences) in 10 mM NH4HCO3 buffer (pH 9.4). 
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The single peak eluted represented purified buckwheat antifungal peptide. 
2.2 Molecular mass determination and sequence analysis 
The purified antifungal peptide was subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (Laemmli and Favre, 1973) and gel 
filtration on a calibrated FPLC-Superdex peptide HR 10/30 column to determine its 
molecular mass. Its N-terminal sequence was determined by Edman degradation. 
2.3 Assay of antifungal activity 
Potato dextose agar was purchased from Difco (Catalog. No.: 213400). 39 g of the 
agar was dissolved in 1 L of distilled water and autoclaved. The solution was 
poured onto a 75cm^ perish dish to a thickness of 2 mm. The fungus was inoculated 
into the dish and the dish was incubated for 72 hrs at 25°C before use. A sterile 
paper disk was placed 5 mm away from the edge of the fungal colony. 10 i^L of 
sterile peptide was added onto the disk and the dish was further incubated for 12 hrs 
(Lam and Ng, 2001). If the peptide possesses antifungal activity, the growth of 
fungi nearest to the disk would be inhibited. The fungi colony would appear to be 
'eaten' near the disk rather than a smooth circular shape. 
The fungi used in this study were Fusarium oxysporum and Mycosphaerella 
arachidicola. 
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4.6 A n ti-proliferative A a ctivity toward Cancer Cells 
The antifungal peptide was treated for 30 min in each of the experiments and the 
procedure was analogous to that in hemagglutinin activity assay in the previous 
section. The treated peptide was then tested for antifungal activities according to 
procedures mentioned in section 2.3. 
2.5 Assay for anti-proliferative activity toward tumor cells 
In the assay, breast cancer, leukaemia, liver hepatocarcima and normal cells were 
used. The procedure was analogous to that in the assay of activity for hemagglutinin. 
The cell viability was assayed using MTT as described previous methodology 
setting and measured by absorbance of 540 nm. 
2.6 Assays of HIV-1 reverse transcriptase inhibitory activity and mitogenic 
activity towards splenocytes and nitric oxide inducing activity in macrophages 
All three assays were done analogous to the assays for hemagglutinins described in 
the previous section. 
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Figure 2.1 Scheme of Purification of antifungal peptide from buckwheat seeds 
25g of seeds 
，‘ 
Homogenization in distilled water and Centrifugation (13,000 rpm, 30 min) 
pH adjustment to 4.5 and Centrifugation (13,000 rpm, 30 min) 
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Chapter 3 Results 
3.1 Purification and sequence determination 
The supernatant obtained from buckwheat seeds extract after centrifugation was 
loaded on a column for SP-Sepharose ion exchange chromatography. Elution of the 
column yielded a large unadsorbed fraction SPl devoid of antifungal activity 
(Figure 3.1). Adsorbed fraction SP2 with antifungal activity was dialyzed to remove 
the salts before loading onto a Q-Sepharose column was subsequently eluted with 1 
M NaCl in the starting buffer (Figure 3.2). The latter was then dialyzed and 
freeze-dried. The re-dissolved peptide yielded a single 3.9-kDa peak after gel 
filtration on Superdex peptide (Figure 3.3). Its N-terminal sequence was determined 
to be: AQYGA QGGGA TTPGG 
3.2 Effect on antifungal activity 
The IC50 of the peptide towards Fusarium oxysporum and Mycosphaerella 
arachidicola were found to be 35 |liM and 40 |IM respectively (Figure 3.5). 
3.3 Effect of temperature and pH on antifungal activity 
The antifungal peptide was stable between 0°C and 70°C for both species of fungi. 
The antifungal peptide was stable over the pH range 1.0 - 13.0 for Mycosphaerella 
arachidicola and 2.0-13.0 for Fusarium oxysporum. There was no activity when the 
pH was raised to 14 or lowered to 1.0. 
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4.6 A n t i - p r o l i f e r a t i v e A a ctivity toward Cancer Cells 
The peptide was able to inhibit the proliferation of various tumor cells. The IC50 
value for liver cancer (HepG2), leukaemia (LI210) and breast cancer (MCF-7) were 
33 \iM , 4 jiM and 25 i^M respectively (Figure 3.6-3.8). 
On the other hand, the peptide was found less potent to liver normal cell (WRL 68), 
with an IC50 value found to be 37 |jM (Figure 3.9). 
3.5 Effect of antifungal peptide on HIV-1 Reverse transcriptase Activity 
The peptide was found inhibiting HIV-1 reverse transcriptase activity at a 
concentration of 5.5 |xM (Figure 3.10). 
3.6 Effect of antifungal peptide on spleen cells and NO production 
There was no mitogenic effect and stimulation of NO production found for the 
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Fig 3.1 Results of cation-exchange chromatography of buckwheat on a 
SP-Sepharose column (2.5X16 cm) in 10 mM NH4OAC buffer (pH 4.5). Antifungal 
activity recorded in extract second fraction (SP2) eluted with 1 M NaCl. 
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Fig 3.2. Results of anion-exchange chromatography of fraction SP2 on a 
Q-Sepharose column (25X16 cm) in 10 mM NH4HCO3 buffer (pH 9.4). The mean 
fraction (Q2) eluted with 1 M NaCl was the antifungal fraction. 
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Fig. 3.3 FPLC-gel filtration of fraction Q2 adsorbed on Q-Sepharose column on 
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Fig. 3.4 Mass spectrometry result showing the molecular mass of buckwheat 
antifungal peptide was 3.9 kDa. The peak at 1.9 kDa represented the monomer of 
the antifungal peptide 
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Fig. 3.5 Inhibitory effect of buckwheat antifungal peptide on a) Fusarium 
oxysporum and b) Mycosphaerella arachidicola. 
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Fig 3.6 Inhibitory effect of buckwheat antifungal peptide on proliferation of 
L1210 (leukemia) cancer cells. Cell proliferation was determined by MTT assay 
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Fig 3.7 Inhibitory effect of buckwheat antifungal peptide on proliferation of 
MCF-7 (breast) cancer cells. Cell proliferation was determined by MTT assay 
(Data represent means 土 SD，n = 3). 
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Fig 3.8 Inhibitory effect of buckwheat antifungal peptide on proliferation of 
HepG2 (liver) cancer cells. Cell proliferation was determined by MTT assay (Data 
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Fig 3.9 Inhibitory effect of buckwheat antifungal peptide on proliferation of 
WRL68 (liver) normal cells. Cell proliferation was determined by MTT assay (Data 
represent means 土 SD，n = 3). 
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Fig 3.10 HIV-1 reverse transcriptase inhibitory activity of buckwheat antifungal 
peptide (Data represent means 土 SD, n=3). 
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Chapter 4 Discussion 
I 
4.1 Purification scheme and N-terminal sequence 
i 
Fujimura et al. (2003) reported the isolation of two antibacterial peptides with the 
extremely similar sequences from buckwheat seeds. Their isolation procedure 
comprised extraction with aqueous buffer, (NH4)2S04 precipitation, gel filtration on 
Sephadex G75, second (NH4)2S04 precipitation, ion exchange HPLC on SP 
cosmogel and reverse phase HPLC on mightysil RP-4. The antifungal peptide 
isolation in the present study is probably the same as or very similar to the peptide 
reported by Fujimura et al. (2003) as judged by the similarity in amino acid 
sequence and molecular mass. In the present investigation, the purification scheme 
did not involve the (NH4)2S04 precipitation. It was a much simpler procedure that 
yielded a higher purified preparation of antifungal peptide after only two ion 
exchange chromatographic steps, the first one on SP-Sepharose and the second one 
on Q-Sepharose. The fact that the peptide adsorbs tightly to cation-exchange 
column but unadsorbed in anion exchange resin even in alkaline pH suggests that 
the pi of the peptide is lower than 7. Finally, the third chromatographic step on 
Superdex peptide revealed the active fraction adsorbed on Q-Sepharose apparently 
as a single absorbance peak and SDS-PAGE gel disclosed that it was a single band. 
In addition, due to its high content of the amino acid glycine, the peptide was 
categorized into the glycine/histidine-rich type in the above mentioned thirteen 
families. Its full sequence possesses 8 cysteine residues and is abundant in glycine 
residue. Fujimura et al have noted some similarities between buckwheat antifungal 
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peptide and plant defensins. It is perhaps noteworthy that a number of peptides 
abundant in glycine or both glycine and cysteine residues may manifest antifungal 
and/or antibacterial activities. 
4.2 A ntifungalA ctivity 
The buckwheat antifungal peptide isolated by Fujimura in 2003 was inhibitory to 
Fusarium oxysporum and Geoticehiim candidum and a number of gram-positive and 
gram- negative bacteria. The buckwheat antifungal peptide obtained in the present 
study was inhibitory against Fusarium oxysporum, Mycosphaerella arachidicola. 
By comparison, some antifungal peptides like that from shallot bulbs were active 
against one out of the several fungal species tested. 
4.3 Physical stability 
Generally speaking, the peptide is very stable. It retains activity at 80°C, suggesting 
that its tertiary structure is strongly held to maintain function. In addition, the 
peptide is almost workable at a range of extreme pH values from 1 or 2 to 13. These 
properties enable a much wider application for the peptide. 
4.4 Anti-proliferative activity toward cancer cells 
Buckwheat antifungal peptide suppresses proliferation in a variety of tumor cells 
including hepatoma, leukaemia and breast cancer cells. In this aspect it resembles 
chive chitinase-like peptide (Lam et al., 2000) and defmsin-like peptides from 
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leguminous plants (Wong and Ng, 2005). It is especially potent in killing leukemia 
cells, with its inhibiting concentration at a few micromolars. On the contrary, the 
peptide poses a relatively milder effect on normal liver cells. The results suggest 
that the peptide may be used as a co-treatment for cancers. That is because its dual 
anti-proliferative and antifungal effects may be promising on cancer patients, who 
are likely to be immunocompromised and vulnerable to fungal infections. 
4.5 HIV'l Reverse Transcriptase Inhibitory activity 
Buckwheat antifungal peptide is capable of inhibiting HIV-1 reverse transcriptase, 
as has been shown for antifungal peptides of different origin such as those from 
cowpea (Ng et al., 2002), lima bean (Wang and Ng, 2006) and broad bean (Ng and 
Ye, 2003). 
4.6 Mitogenic activity and nitric oxide production 
« 
In contrast to pinto bean antifungal peptide which stimulates nitric oxide production 
by macrophages (Ye and Ng, 2003) and some leguminous defensin-like proteins 
which elicit a mitogenic response from splenocytes (Wong and Ng, 2003), 
buckwheat antifungal peptide is devoid of these activities. 
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Chapter 5 Conclusion 
In summary, a low molecular weight antifungal peptide was isolated, using a 
simplified protocol from the buckwheat Fagopyrum esculentum. It bears little or no 
N-terminal sequence resemblance to other fungal and bacterial antifungal proteins. 
The present study furnishes the following additional information about the peptide. 
It exhibits a strong antiproliferative action against various cancer cells, whilst 
showing relatively little damage to normal cells. Similar to some previously isolated 
antifungal peptides, it possesses no mitogenic activity toward mouse splenocytes. 
The peptide is stable below 80°C and in almost all pH value. It is devoid of any 
stimulatory activity on nitric oxide production activity by macrophages. 
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OVERALL CONCLUSION 
The original proposal of using the lectins/hemagglutinins as a probe to bind cell 
surface carbohydrates, prior destruction of the cells using defence peptide, may no 
longer be a feasible idea. It is because the carbohydrate specificity of the 
hemagglutinins purified from French bean and mottled kidney bean are 
undetermined. The fact that undetermined hemagglutinins are not well studied in 
the literature undermines them as a useful probe. 
Despite their failures as probes, both hemaggultinins appear to be good anticancer 
agents. They, especially the hemagglutinin from mottled kidney bean, show strong 
antiproliferative effects on various cancer cells without harming the normal cells 
much. It is also found that the hemagglutinins strongly inhibit the reverse 
transcriptase from HIV-1. Lectins are reported to interfere with the binding of the 
virus to cells, and it might also interrupt the crucial process of turning RNA to DNA. 
It might be too early to draw a conclusion and further investigation is required, and 
it might in some days be used to treat, or assist in controlling HIV infections. 
The flammulolysin is found to be extremely effective against liver cancer whilst 
leaving normal cells intact. A primitive proposal is that the peptide might be 
injected directly onto the tumor. However, the peptide must be further studied, for 
example, with regard to its effect on others cells or the half life in vivo. It may, in 
the future, be modified according to the requirements from drug developers. 
Finally, the antifungal peptide from seeds of buckwheat might be too weak to be a 
solo anticancer agent. However, with its dual anticancer and antifungal effects, the 
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peptide can assist the treatment and reduce the risk of fungal infection in patients. 
Generally speaking, the hemagglutinin from mottled kidney bean and hemolysin 
from Flammulina velutipes hold greater promise as potential medicines for further 
investigations. The study has contributed to the literature of hemagglutinin, 
hemolysin and antifungal peptides. The study provides detailed scheme of 
purification as well as in-depth characterization of the above peptides. Chances are 
they will be referenced years beyond when they are used by doctors to cure cancers, 
HIV or whatever diseases. 
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